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PREFACE TO THE NEW EDITION. 



In preparing an edition of tl^se Dialogues^ which should contain 
some of tiie recent acquisitions to sdence, I have been carefiil to 
adhere strictly to the spirit of the author ; and also not to confuse 
the young reader, for whose use alone the book is written, with 
matter too abstmse for his comprehension. I have made yeiy few 
inroads upon the original text ; where I have felt it necessary to 
erase any passage, I faaye substituted the modem interpretation. 
My pen at times has been yearning to run on and enter more fully 
into detail on subjects, upon which 1 have been conipclied barely to 
toudi. In presenting to my yomig friends this editkm of Joyce's 
Scientii&c Dialogues in its integrity, I hope they will deiire as 
mnch pleasure and instmetion fiom it as I myself remfflnber to 
have derived in my boyish days. 



September, 1816. 



PREFACE. 



Thb Author of this volume feels himself extremely happy in the 
opportunity which this publication affords him of acknowledging 
Uic obligaiiuiis he is under to the authors of 'Practical Education,* 
for the pleasure and instruction which he has derived from that 
valuable work. To this he is indebted for the idea of writing on 
the subject of Natural Philosophy for the use of children. "How 
fat his plan corresponds with that suggested by Mr. Edgeworth, 
iu his chapter on Mcchauics, must be left with a candid public to 
decide. 

The Author conceives, at least, he shall be justiEed in asserting, 
that no introduction to natural and experimental philosophy has 
been attempted in a method so familiar and easy as that which he 
now offers to the public — none which appears to liini so properly 
adapted to the capacities of young people of ten or eleven years of 
age ; a period of life which, from the Author's own experience, he 
is confident is by no means too early to induce in children habits 
of scientific reasoning. In this opinion he is sanctioned by the 
authority of Mr. Edgeworth. "Parents," says he, "are anxious 
that children should be conversant with medianios, and with what 
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ace caUed the mechanicaL powers. Certainly no species of know- 
« ledge is better suited to the taste and capacity of youths and jet it 
seldom forms a part of early instruction. Everybody talki of the 
lever, the wedge, and the pulley, but moat people perceire that the 
notions ^^ch they have of their respective uses are unsatisTactory 
and indistinet; and many endeavour, at a late period of life, to 
aoqniie a sdentific and exaict knowledge of the effects that are pro- 
duced by implements which are in everybody's Lands, or that are 
absdntely neoessaiy in tke daily oocnpations of mankind.'* 

The Author tmsts that the whole work will be found a complete 
oompendinm of natural and experimental philosophy, not only 

adapted to the understandings of young people, but well calcu- 
lated abo to oonyey that kind of familiar instruction which is 
absolutely necessary before a person can attend public lectures in 
these branches of science with advantage. " If," says Mr. Edge- 
worth, speaking on this sul^eet, the lecturer does not eommuni- 
cate much of that knowledge which he endeavours to explain, it is 
not to be attributed either to his want of skill or to 'the insuffi- 
ciency of his apparatus, but to the novelty of the terms which he 
is obliged to use. Ignorance of the language in whicli any science 
is taught is an insuperable bar to its being suddenly acquired : 
• besides a precise knowledge of the meaning of terms, we must have 
an instantaneous idea exeited m our minds whenever they are re- 
peated ; and as this can be acquired only by practice, it is impos- 
tiible tliat pliiiosophical lectuics can be of much service to those 



wlio are not ffimiliarly acquainted with the tedimcal language In 
which they are delivered."^ 

It ifl presumed that au attentive perusal of these Dialogues, iu 
which the principal and most oommoa tezma of sdence^m care- 
fully exphuned^ and illustrated by a variety of iauuliar examples, 
will be the means of ubviutiug this objection with respect to per- 
sons who may be desirous of attending those puUic phflosophioal 
lectures to which the inhabitants of the metropolis have ahnost 
constant aoeess* 

• Mr. Edgeworth's chapter on Mechanics should be rccommemlecl to the atten- 
tion of the reader, but the Author feels unwilling to refer to a part of a work, 
the whole of which deserves the careful perusal of all persons engaged in the 
educatioti of youth. 
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MECHANICS. 



CONVERSATION L 

INTBODUCIION. 

Charles. Father, you told sister Emma and me, that, after we 
had finished reading the 'Evening^s at Home,' you would explain 
to us some of the principles of iN'utural Philosopuyi will you begin 

tliiii moriiiiig? 

. Father, xes ; and I shall indeed at all times take a deligfait in 
omnmimicatiiig to you the elements of nsefiil knowledge ; and the 
more so in proportion to the desire which you have SL collecting 
and treasnnng up snoh fiicts as may enable you to understand the 

operations of nature, as well as the works of ingenious artists. 
These, I trust, will lead you, insensibly, to admire the wisdmn and 
goodness, which the whole system of the nniyerse is constnusted 
and maintained. 

Emma. But can philosophy be compreliended by children so younc: 
as we are ? I thought toat it had been the bosiness of men, and 
of old men too. 

F. The word jMosaphi/, in its original sense, signifies a love or 
desire of wisdom ; and you will not allow that you and your bro- 
ther are too young to entertain such a desire. 

E. So far from it, that the more knowledge I get, the better I 
seem to like it ; and the number of new ideas which, with a little 
of your assistance, I hare obtained from the 'Evening at Home,' 
ana the great nleasure which I hare receired from the perusal of 
these YC^Times, haye made me wish to know more and more. 

You will find very little in the introductoiy parts of natural* 
and ezpmmental philosophy requiring much more of your atten- 
tion than many parts of that work with which you have been so 
delif'hted. Besiaes, the study of natural pliilosopliy improves and 
elcYates tiie xmud, by unfolding the magm^cence and order, mani- 
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fested in the construction of the material world ; while it offers the 
most striking proofiB of the bcDfifioence^ the 
of the Creator. 

Bat in some hooks of natural philosophy, into which I have 
oocasionallj looked, a number of new and uncommon wnrds have 
peiplexed me ; I have also seen references to figures by means of 
large letters and small, the use of which I did not comi>rehend. 

jr. It is frequently a dangerous practice for young minds to dip 
into subjects, unless prepared for them by some previous kuow- 
ledge: since it may create a distaste for the most interesting topics. 
Thus the books, which you now read wath so much pleasure, would 
not have afforded you tlic smallest entcrtaimnent a few years ago, 
when you must liave spelt out almost every word in each page. 
The same sort of disgust will naturally be felt by persons who at- 
tempt to read works of science before the leading terms are ex- 
plained and understood. The word angle is continually recurring 
m subjects of this sort \ do you know what an an^ is P 
B, I do not think I do : willyouezphun what it means? 
An angle is made by the opening of two straight* Imes. In 
this fignxe there arc two straight lines a b and 
c B> meeting at the point B: the opening made by 
B them is called an angle. 

C, Wliether that opening be small or great> is 
^' it still called an angle ? 
F. It is ; your di*awing compasses may familiarize to your mind 
the idea of an angle; the lines in this figure will aptly represent 
the legs of the compasses, and the point n the juuit upon which 
they move or turn. Now you may o|)cn the legs to any distance 
you please, even so far that they shall form one straight line; in 
that position only they do not form an au^le. In every other situ- 
ation an angle is made by the opening of uiese legs ; SsA the aiule 
is said to* be greater or less, as that opening is greater or less. An 
angle is, in fact, only another word for a eomtr, 
E, Are not some angles called right angles ? 

A F. Ai^es are either right, acule, or 

obluie. When the line AB meets another 
line D c, in snch a mamier as to make the 
angles a B D and a b c equal to one an- 
^ other, then those angles arc called ri^hi 

B ^ angles. And the line a b is said to be 

Fig. 2. })erpendicular to d c. Hence to be per- 

]>en(licular to, or to make rigAl angles with, a line, means one and 
the same tiling. 

• Straioht linn, in works of se!«>nc«, art VMftllf dtaVBlMttd rifkt Uscs, and fh» 
•borteat dittaucc from point to point. 
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C. Does it signify how you call the letters of an angle, or ia 
what order you name them ? 

F. It is usual to call ever}' angle by three letters ; and the letter 
at the angular point must be always the middle of the 
three. There are eases, however, where an angle may 
be denominated by a single letter; thus the angle a 
B c may be called simply the anprle b, for there is no 
danger of mistake, because there is but a single angle 
at tnepoint b. 

C. r Qnderatand tlda; for il^ in fig. 2, 1 were to 
describe the aittlebj the letter b only, you would not 
know whether I meant the angle on the left, or that ^v- ^ 
on the right of the perpendiciuar. 

F. That is the preeise reason why it is neeessary in most de- 
seriptions to make nae of three letters. An acute angle (% 1) 
A B c is less than a risfat angle; and an obtuse (fig. 3) angle a b c 
is m^eater than a righi angle. 

E. You see the reason now, Charles, why letters are placed 
against or by the figures, which puzzled you before. 

C. I do ; they are intended to distinguish the separate parts of 
each, in order to render the description of them easier^ both to the 
author and the reader. 

E. What is the difference between an angle and a triangle ? 

F. iin angle is a comer ^ and a triangle a spaa>; an angle depends 
upon the opening of two lines ; but two straight lines eannot inclose 
a space; ttada#r»0/j^A?ABOiBaspaoebonnded 
far^ three straight lines. It takes its name firom 
ine property of haying three angles. There are 
▼arions sorts of trian«es; but it is not neces- 
sary to enter upon uese partiouhirs, as I do n- 
not wish to burthen your memories with more 

technical terms than we have occasion for. 

C. A trian^^le then is a space or figure ooutaining three angks, 
and bounded by as many straight lines. 

F. Yes, that description will answer our present purpose. 




CONVERSATION II. 

0/ M<Uter.--qf ike DivmbUitjf of Matter. 

F. Do yon nnderstand what philosophers mean, when they make 
use of the word matter P 

E, Are not all things wliich we see and feel matter P 

F. Everything, which is the object of our senses, is matter va- 
riously modified or ammged. The properties of matter are «r/«/»/» 
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it takes up room or space ; mpenHrabiliti/, two particles cannot be 
iu the same space at the same tiine ; divMiiify, each particle can 
be mentally subdivided ; inertia, it has no power of itself to move 
if at rest, or to stop if in motion ; mobility, it can be transferred 
from place to place ; gravity^ or, as we commonly call it, weiglit. 

E. I rememDcr, that you told us something strange about the 
divisibility of matter^ Which you said might be continued without 
end. 

jP. I did, some time ago, mention this as a curious and interesting 
subject, and this is a very fit time for me to explain it. 

C. Can matter indeed be infinitely divided, for I suppose that 
this is what is meant by a diiisioiL without end F 

Jl Difficult as this may at first appear, yet I think it very 
capable of proof. Can you concdye of a partide of matter so 
snfall as nof to have an upper and «nder surmeeP 

C, Certainly, every portion of matter, however minute, must 
liave two surfaces at least, and then I see that it follows of course 
that it is divisiUe ; that is, the upper surface may be separated 
from the lower. 

F. Your conclusion is just ; and though there may be particles 
of matter too smaU for us actually to divide, yet tins arises from 
the imperfection of our instruments ; they must, nevertheless, in 
their nature, be divisible. 

E. But you were to give us some remarkable instances of the 
minute division of matter. 

F. A it;w years a^o a lady spun a single pound of wool into a 
thread 168,000 yaras long. And Mr. Boyle mentions, that two 
^ains and a hau of silk were spun into a thread 300 yards in 
len^h. If a pound of salver, which, you know, oontams 5760 
grams, and a single erain of cold be melted together, the gold will 
be equally diffused through the uliole silver, insomuch that if one 
^ain of the mass be dissolved in a liquid called aqua fortis, which 
IS diluted nitric acid, the gold will fall to the bottom. By this ex- 
periment it is evident that a grain may be divided into 5761 visible 
parts, for only the 5701st part of the gold is contained in a jungle 
grain of the mass. 

The gold-beaters, whom you have seen at work in the shops in 
Long Acre, can spread a grain of gold into a leaf containing 50 
square inches, and this leaf may be readily divided into 500,000 
j)urts, each of which is visible to the naked eye: and by the help 
of a micioscoT)e, which magnifies the area or sui facc of a body 100 
times, the lOOth part of each of these becomes visible ; that is, the 
50 millionth pait of a grain of gold will be visible, or a single 
grain of that metal may be divided mto 50 millions of visible parts, 
fiut the gold which covers the silver whr^ used in making wnat is 
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called gold lace, is spread over a much larger surface, yet it pre- 
serves, even if exaiiuiied by a microscope, an uiuform appearance. 
It lias been calculated that one grain oi gold under these circujii« 
stances would cover a surface of nearly thirty square yards. 

The natural divisions of matter are still more surprising. In 
odotifotiDB bodies, sooh as camphor, musk, and asaafoetida, a won* 
dmfol Bubtittj of parts is peioeiyed| for though they are per- 
petually jSlUn^ a considerable space irith odoriferous partides, yet 
these l)odies lose but a rety small part of their weignt in a gieat 
length of time. 

Again, it is said by those who have examined with powerful 
microscopic glasses, and whose accuracy may be relied on, that 
there are more animals in the milt of a single cod-fish, than there 
are men on the whole earth, and that a single ^rain of sand is 
larger than four millions of these animals. Now, if it be admitted 
that these little animals are possessed of organized parts, such as 
a heart, stomach, muscles, veins, arteries, &c., and that they are 
possessed of a complete system of circulating fluids, similar to 
what is found in larger animals, we seem to approach to an idea of 
the inlinitc divisibility of matter. It has, indeed, been calcidated 
that a particle of blood of one of these animalcola is as much 
snuJler than a globe one tenth of an inch in diameter, as that 
l^be is smaller than the whole earth. 

Im Um«mm1 MMiM of tha imMCt kiad, 

IiiMt to Biikod er*, M woadrona ooiaUf 

Were mlllloBt Joia d. om irroiB of saad vouM MVtr wAU 

Yet each, withfa its iitt1« Dulk, eoataia* 

A henrt, which drires the torrtai throu|rb it* valM$ 

Muscles to move its limbH nripht ; a brain 
And uerwttu disposed for plensure niid for pnia : 
Bye« to distinguish: scass wbercbj to kaov 

WhKk'ot*odorbadtii»ortaMt,it*flM. BAKm. 

I might enumerate many other instances of the same kind ; but 
these, 1 doubt not, will be sufficient to convince you into what 
very minute parts matter is capable of being dividea. 

A late account, however, oi animalculae, observed by Captain, 
now Rev. Dr. Scoresby, in the Greenland seas, is so much to our 
purpose, that 1 sh<dl repeat it to you before we terminate our 
present conversation. 

In July, 1818, while in those northern seas, Dr, Scoresby's 
▼easel saued for several leagues in waiter of a very imoommon ap- 
Mannoe. The snr&oe was Taiipgated by krge patdiect, and ez<> 
iensLve streaks of a yelloMrisb g^reen ooloar. The colouring matter 
being found to be superfiioul» it was soon ascertained that it was 
constitotedof animaicokB ; and powerful microscopes were ttij^ied 
to their examination. In a single drop of water examinea dy a 
power of 38,1^2^ (magnified snperficies), there were 50 in nnmner 
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on an avera^, in each square of the micrometer ^lass of sloth of 
an inch in diameter ; and as the drop occupied a circle on a plate 

of glass containing 529 of these sqnarcs, tnere must have been in 
this single drop of water, taken at random out of the sea, and in 
a place ny no means the most discoloured, about 20,45(1 auimal- 
culae. rience, reckonincr 00 drops to a drachm, there would be a 
number in a gallon of water exceeding by one half the amount of 
the population of the whole terraqueous globe. How inconceiv- 
ablv iiunutc must the vessels, organs, and fluids of these animals 
be I The diameter of several of these animalculse did not exceed 
the 4000th part of an inch. A whale requires a sea to sport in : 
a hundred and Jifty miliums of thm wottld mm ample scope Jhr HM* 
evahfum m a iumler ^nfoUr, 

R I think I now have a dear idea» papa» of infinite diyiulnlit j 
of matter. 

F. Do not be too sore, dear girl; for this is one of the subjects 
on which our ideas can never be clear ; they are very indistmct : 
some of the deepest thinkers hare been obliged to hesitate on thui 
snliject. 



CONVERSATION III. 

0/ the Mlradum o/Coken4m. 

F. Well, my dear children, do you comprehend the several in- 
stances which I enumerated as examples of the minute division 
of matter? 

R Indeed, tiiey very mneii excited oor wonder and adndntion ; 
and yet, from the thiimess of some leaf-gold which I once had, I 
can feadify admit all yon have said on that part of the snlject. 
But I know not how to conceive of such small animals as you de- 
scribed; and I am still more puszled in imaj^inin^, that animals so 
minute actually possess all the properties of thelaiger ones, moh 
as a hearty veins, blood, &c. 

F. I can, on the next bright morning, by the help of the solar 
microscope, show you very distinctly the circulation of the blood 
in a flea, which you may get from your little dog ; and with better 
microscopes than those of which 1 am possessed, the same might 
be shown in animals still smaller than the flea ; perhaps, even in 
those which are themselves invisible to the naked eye. But we 
shall converse more at large on this topic, when we are convers- 
ing upon Optics and the construction and uses of the Solar Micro- 
scope. At present we will turn our thoughts to that principle in 
nature, whicn philosophers hanj^ agreed to call Attnustum. 

C. U there M no more difficnlties in philosophy tha^ we met with 
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in our last lecture, I do not fear but tliat we shall, in gencml, be 
able to understand it? Are there not several kinds of attraction? 

F. Yes, there are; two of which it will be suthcieut for our 
present purpose. to describe : the one is the attraction of cohesion; 
and the other that of gravitation. The attraction of cohesion is 
that power which keeps the parts of bodies together when they 
toiboh, and ptmnis tfiem froon aqpaiating, or lAofki indinea \\Sa 
parts of bocues to unitei when they ore ptaced soffidenilj near to 
€aeii other. 

C. Is it then by the attraction of oolieskin that the parte of tliis 
table, or of the penknife^ are kept together ? 

F. Certainly ; but yon might have said the same of every other 
solid substance in the room; and it is in proportion to ^e different 
degrees of attraction with which diflFerent substances are affected 
that some bodies are hard, others soft, tough, &c. M. Musschen- 
broek, a pliilosopher in Holland, almost a century ago, took ffrcat 
pains in ascertaining the different degrees of cohesion, whioTi be- 
longed to various kinds of wood, inetals, and many other substances. 
A snort account of his experiments you will heresdfter find in your 
own language, in Enfield's Institutes of Natural Philosophy: 
other experiments by M. Girard, and Mr. P. Barlow, wiU also 
deser\'e your attention. 

C, Yon once showed me that two leaden bnllela^ having their 
SQifiMes scnmed dean, might be made, with a sort of twisting 
pressoie^ to stu^ togetherwitii neat foxee; yonoaUed that, I be- 
lieve, the attoution of oohesionr 

F, I did : though it is not nnnsnal to distinguish between ad- 
heakm and cohesion. The particles of the same oody cohere ; con* 
tiffuoos surfaces iA diffennt bodies adhere. Some ])hilo8ophm^ 
wno have made the experiment with great attention and accuracy, 
assert, that if the flat surfaces, which are presented to one another, 
be but a quarter of an inch in diameter and scraped very smooth, 
and forcibly pressed together \vith a tmst, a weight of a hundred 
pounds is frequently required to separate them. 

As it is by this kind of attraction that the parts of solid bodies 
are kept together, so when any substance is separated or broken, 
it is only the attraction of cohesion tliat is overcome in that par- 
ticuiarpart. 

E, Tnen, when I had the misfortune this morning, at bieakfiistk 
to kfl mj[ sanoer sUqp from mj hands, by which it was broken into 
aemal pieces, was it onlytiie attraction of cohesion that was over- 
come by the parts of the saucer being separated as it strode the 

ground? 

F. Just so ; for whether yon unluckily break the china, or cut a 
stick witii jonr Imife^ or melt lead over the fire, as yoor brother 
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sometimes does^ in order to make plummets ; these, and a thousand 
other hiBfaaioes^ which are continiially ooonrring, are but examples 
in which the cohesion la oTeroome by the fall, the knife, or thenie. 

The broken saucer being highly valued by mamma, die has 
taken the pains to join it again with ^telead ; was this performed 
by means of the attraction of cohesion ? 

F, It wa8« my dear; and hence you will easily learn that many 
operations in cookery are in fact nothing more than different me- 
thods of causing this attraction to take place. Thus flour, by itself, 
has little or notiiing of tliis principle ; but when mixed witli milk, 
or other liquids, to a proper consistency, the parts cohere strongly; 
and this cohcvsion in many instances becomes still stronger^ by 
means of the heat applied to it in boiling or baking. 

0. You put me in mind of the fable ot the man mowing hot and 
cold ; for m the instance of the lead, fire overcomes the attraction 
of cohesion ; and the same power, heat, when applied to puddings, 
bread, &c., causes their parts to cohere more powerfally. How 
are we to nnderstand this P 

F. I will endeavoiir to remove your difficulty. Heat expands 
all bodies without exceotioD, as yon shall see before we have 
finished our lectures. • Now the fire applied to metals in order to 
melt them, causes sndi an expansion, that the partides are thrown 
out of the sphere, or rcacli ol each other's attraction: whereas the 
heat communicated in the operations of oookery is sufficient to 
expand the particles of flour, but is not enough to overcome the 
attraction of cohesion. Besides, your mother will tell you, that 
the heat of boiHng would frequently disunite the parts of which 
her pudding are composed, if she 6id not take the precaution of 
inclosing them in a cloth, leaving them just room enough to ex- 
pand without the liberty of breaking to pieces ; and the moment 
they arc taken from the water they lose their superabundant heat 
and become sohd. 

B, When the cook makes broth for my little brother, it is the 
heat, then, which overcomes the attraction which the particles of 
meat have for each other ; for I have seen her pour off the broth, 
and the meat is all in rags. But will not the neat overcome the 
attraction which the parts of the bones have for each other ? 

F. The heat of bouing water wfll never effect this ; but a mi^ 
chine was invented several years ago, by Mr. Papin, for that pur- 
pose. It ia called Papin's Digester, and is usea in taverns, and 
m many private families, for the purpose of dissolving bones as 
completely as a lesser degree of heat ^vill liquefy jelly. On some 
future day I will show you an engraving of this macnine, and ex- 
plain its oifferent parts, which are extremely simple.* 

• Sm Pamrattoi, Cmvw. XVIII. 



uiyuu-uu L/y Google 



ATTRACTION or COHESION. 9 



CONVERSATION IV. 
Of the Miracium of Cokcmn. 

F. I will now mention some other instances of the great law of 
adhesive or cohesive attraction which occupied our thoughts in our 
last conversation. If two polished plates of marble, or brass, be 
put together, with a little oil between them, to M up the pores of 
thi^^ SQZ&oes, they will oolim so powerfiiUY as to require a very 
considerable farce to separate them. — Two globules id atuduilver, 
placed very near to each other, will ran together ana fsam one 
large drop.— Drops of water will do the same. — Two circular 
pieces of cork placed upon water at about an inch distant will nm 
together.— Balance a piece of smooth board on the end of a scale- 
beam ; then let it lie flat on water, and five or six times its own 
weight will be required to separate it from the water. — If a small 

f lobule of c^uicksuvcr be laid on clean paper, and a piece of glass 
e brought mto contact with it, the mercury will adliere to it, and 
be drawn away from the paper. But bring a larger globule into 
contact %vith the smaller one, and it will forsake the glass, and 
unite with the other quicksilver. 

C. Is it not by means of the attraction of cohesion, that the 
little tea which is generally left at the bottom of the cup instantly 
ascends in the sugar when thrown into it ? 

F, The ascent of water or other liquids in sugar, sponge, and 
all porofus bodies, is a si)ecie8 of this attraetion, and is oaUed ca* 
pUhry* aUraefioiti it is thus denominated from the property 
whk^ tubes of a very small bore, scarcely larger than a hair^ nave 
of causing water to stand above its level. 

C. Is this property visible in no other tabes than those, the 
bores of which are so exoeedingly fine ? 

F. Yes, it is very apparent in tubes whose diameters are one 
tenth of an inch or more, but the smaller the bore, the higher the 
fluid rises ; for it ascends, in all instances, till the weight of the 
column of water in the tube balances, or is equal to, the attraction 
of the tube. By immersing tubes of different bores in a vessel of 
coloured water, you will see that the water rises as much higher 
in the smaller tube, than in the larger, as its bore is less than that 
of the large. The water will rise a quarter of an inch, and there 
remain suspended, in a tube whose bore is about one eighth of an 
inch in diameter. 
This kind of attraction is well illustnited by taking two pieces 
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of glass joined together at the side B c, 
auQ kept a little open at the opposite side 
A D, by a small piece of cork £. In Uiis 
positioii immerse them in a dish of oolovxed 
water f and you will observe that the 
attraction of the glass at» and near B c, will 
cause the floid to ascend to whereas about 
the parts d it scarcely rises above the level 
of the water in the vessel. 

C I see that a carve a formed by the 
water. 

F. There is ; and to tliis curve, called a 
hyperbole, belong many curious properties^ as you will hereafter 
be able to investigate ror yourself. 

E. Is it not upon the principle of the attraction of cohesion, 
that carpenters glue their work together ? 

F. It is upon this principle that carpenters and cabinet-makers 
make use of gluej that braziers, tinmen, plumbers, &e., solder 
their metals; and that smiths unite different bars of iron by means 
of heat. These and a thousand other operations, which we con- 
timiaUy witness, depend on the same pnncqile as that which in- 
duced yonr mother to nse the whitelead in mending her sanoer. 
But, by the by, though whitelead is £reqnen%n8ed as a cement for 
broken china, glass, and earthenware, yet, if the vesseb are to be 
brought ag{dn into nse, it is not a proper cement, being an active 
poison; besides, one much strone;er has been discovered, I believe, 
Dy a very able and ingenious philosopher, the late Dr. Ingenhouz ; 
at least I had it from him several years ago : it consists simply of 
a mixture of quicklime and Gloucester cheese, rendered soft by 
warm water, and worked up to a proper consistency. 

E. "What ! do such great philosopners, as I have heard you say 
Dr. Ingenliouz was, attend to such trifling tlungs as these ? 

F. He was a man deeply skilled in many branches of science ; 
and I hope that you and your brother will one day make your- 
selves acquainted with many of his important discoveries. But 
no real philosopher will consider it beneath his attention to add to 
the conveniences of life. 

C, This attraction of cohesion seems to pervade the whole of 
natnre. 

F. It does, bat you will not forget that it acts only at very 
small distances. Some bodies indeed appear to possess a poww 
the reverse of the attraction of cohesion* 

E. What is that ? 

F. It is called repulsion.— -Thus water repels most bodies till 
they are wet. A small needle carefully placed on water will 




kjiu^ jcl by Google 



ATTBACTION OP GBAVITATION. 11 



swim, although the iron of which it is made is much heavier than 
water ; £yies walk upon water without wetting their feet. 

Or bntbe anwft their oily formi, nnd ilw^ell 

With fact repulsive on the dimpliug' weU. Dahwik. 

Tlic drops of dew wliich appear in a morning on plants, particu- 
larly on cabbage plants, assume a globular form, from the mutual 
attraction between the water: and upon examination it will be 
found that the drops do not touch the leaves, for they will roll off 
in compact bodies, wliich could not be the case if tliere subsisted 
anv dcgi'ce of attraction between the water and tlie leaf. 

If a small tlmi piece of iron were laid upon quicksilver, the re- 
pulsion between the different metals will cause the surface of the 
qoidLsilyer near the iron to be depressed. 

The rej^elling foiee of the piurtides of a flnid is but small ; 
therefore if a fluid he divided it easilj unites again. Bnt if a 
dass or any hard substance be broken, the parts eannot be made 
to eohero without first bein^ moistened, becaose the repnlsion is 
tooffreat to admit of a reunion. 

The rojfdling force between water and oil is likewise so great, 
that it is impossible to mix them in such a manner that they shall 
not separate n^mn. 

If a ball of light wood be dipped in oil, and then put into water, 
the water will recede so as to form a sort of channel round the ball. 

C. Why do cane, steel, and many other things, bear to be bent 
without breaking, and, when set at liberty, recover their original 
form ? 

F. That a piece of thin steel, or cane, recovers its usual form, 
after being bent, is owing to a certain power called ekuiicify; 
which may perhaps arise mm the partides of those bodies, thooj^ 
distnrbed, not bemg drawn oat of eadi othei^s attraction ; there- 
fore, as soon as tito force npon them ceases to act, they restore 
themselves to ^dr fonner positimL^Bat onr half-4ionr is ezpued; 
I must leave yoo. 

CONVERSATION V. 
Of tie Mtractum ^ QramMum, 

F. We win now proceed to discuss another very important 
ff Boml prin^^ in nature ; the aifriMm of gramikUwi^ or, as it 
18 feequmtly tensed, grav ity, whidi is that power bj whidi iidaiii 
bodies tend iowaids each otiber. Of tins we hare peipetul in- 
stances in the idling of bodies to the earth. 

C. Am I then to understand that whether this maiUb falls from 
my hand; or aloose bacidLfromthetopof thehoose; or ani^ppb 
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from the tree in the orchard, that all these happen bj the attrac* 
tion of gravity P 

F. It is by the power which is commonly expressed under the 
term gravity y that all bodies whatever have a tendency to the earth, 
and, unless supported, will fall in lines nearly perpendicular to its 
SDifiace. Thkinideiic^or dispositiQu to M represents the weight. 
Bat granU^ and weight do not mean prcciselv the same thm||^ : 
navitjr is toe wcdght of a given Imlk of one boay, compared with 
tne weight of a g^iven bulk of another ; weight is the actual weight, 
without comparison with another body. 

B» But are not smoke, vapour, and other light bodies which we 
see ascend, eiceptions tp the general rule ? 

F. It appears so at first sight ; and it was formerly received as 
a general opinion, that smoke, vapour, &'c., possessea no wcic^lit : 
the invention of the air-pump has shown the fallacy of this notion ; 
for in an exhausted receiver, that is, in a ghiss jiu* from which the 
air is taken a^\ ay by means of the air-pump, smoke and vapour 
descend by their own weight as completely as a piece of lead. 
When we come to converse on tlic subject of Pneumatics and 
Hvdrostatics, you will understand that the reason why smoke and 
otncr bodies ascend is simply because thev are lighter than the 
atmosphere whidi soxrounas them, and the moment they reacU 
that part of it which has the same gravity with themseLyes th^ 
cease to rise. 

C. Is it then by this power tiiat all tenestrial bodies remain firm 
on the earth F 

F. By gravity, bodies on all parts of the earth (which yon know 
is of a globular form) are kept on its surface because they all, 
wherever situated, tend to tne centre; and, since all have a 
tendency to the centre, the inhabitants of New 5Sealand, although 
nearly opposite to our feet, stand as firmly as we do in Great 
Britain. 

C, This is difiicidt to comprehend : nevert heless, if bodies on all 
parts of the surface of the earth have a tendency to the centre, 
there seems no reason why bodies should not stand finn on one 
part as well as another. Does this power of gravity act alike on 
all bodies P 

jP. It does, witfaoat any rmrd to theur figure, or size; for at- 
traction or ftnmt7 eets npon bodies in proportion to the quantity 
of matter which they contain, that is, four times a neater force 

of gravity is exerted upon a body weighing four pounds, than upon 
one of a single pound. The consequence of this principle is, that 
all bodies at equal distances from the earth faU with equiu velocity. 
E. What do vou mean, papa, by veloeify f 

I wiU explain it by an example Of two: if you and Charles set 
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out top:etlirr, and i/m -walk a mile in lialf an hour, but walk or run 
two niilos in the s^ame timeyiiow much swifter will he go tliau ^oaF 

B. Twice as swiftly. 

T. He does, because, in the same time, he passes over twice as 
much space ; therefore we say his velocity is twice as great as 
yours. Suppose a ball, fired from a cannon, pass through bOUfcet 
m a second of time ; and if, in the same time, your brother's arrow 
pass through 100 feet only^ how much swifter does the camion 
rail flj than the anow f 
Eight times swifter. 

jP. Then it has eight times the velocity of the wmsw ; and hence 
yon understand that swiftness and Telocity are synonymous terms, 
and that the Tebeity of a body is measured by the space it passes 
over in a given time, as a second, a minute, an hoar, &c. 

. E. If I let a piece of metal, as a penny-piece, and a feather, fall 
from my hand at the same time, the penny ^Till reach the ground 
mucli sooner than the featlier. Now how do you account for this, 
if all bodies arc equally affected by cavitation, and descend with 
equal velocities, when at the same distance from the earth ? 

F. Tliough the penny and feather will not, in the open air, fall 
with equid velocity, yet, if the air be taken away, which is easily 
done by a little ai)paratub connected with tlie air-pump, they will 
descend in the same time. Therefore the true reason why light 
aod heavy bocKes do not fall with equal yelocities is, that the former 
in proDortion to its weight, meets with a much greater resistance 
firam the air than the wUer^ 

C. It is then, I ima^e, from the same cause, that if I drop the 
penny and a piece of light wood into a vessel of water, the penny 
shall reach the bottom, out the wood, after descending a small way, 
rises to the surface. 

F. In this case the resisting medium is water instead of air, and 
the copper, being about nine times heavier than its bulk of water, 
falls to the bottom with but little apparent resistance. But the 
wood, bein^ much lighter than water, cannot sink in it; therefore, 
though by its momentum* it sinks a small distance, yet as soon as 
that is overcome by the resisting medium, that is, the water, it 
rises to the surface, being the lighter substance. 



CONVERSATION VI. 
0/ ihe AUraciion qf QravUaium* 

R The term numetUum which you made use of yesterday, is 
another which I do not as yet understand. 

• Tte ncplaaatioa of tfcto Mm win bt IbMd !• the awt OosTtiMtfoB. 
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F, Ifyou have undentood wliatl^?e said respecting the velocity 
of moying bodies^ jou^eaa%OQnq^rduiid what ia meant by the 
word momentum. 

The momentum, or moving force of a body, is measured by its 
weight multiplied by its velocity. You may, for instance, place 
this pound weight upon a china plate without any danger of 
breaking, but if you let it fall from tne height of only a few inches, 
it ^vill dash the china to pieces. In the first case, the plate has 
only the pound weight to sustain; in the other, the weight must 
be multiplied by the velocity it lias acquired during its fall. 
If a ball, a, lean against the obstacle b, it will not oe able to over- 

tuni it, but if it be taken up to c, 
and suffered to loU down the in- 
dined planes^ a against b, it may 
probably OTerthrow it ; in the for- 
mer case b would only have to re- 
sist the weight of the ball a, in the 
latter it has to resist the weight multipued its motion or 
velocity. 

C. 'then the momentum of a small body whose velocity is very 
great, may be equal to that of a very large body with a slow 

velocity. 

F. it may ; and hence you see the reason why immense batter- 
ing-rams, used by the ancients, in the art of war, have given place 
to cannon balls, of but a few pounds weight. 

C. 1 do ; for what is wanting in weight is made up by velodtr. 

F, Can yon tell me what vdooity a oannon ball of 28 ponnos 
mnst have to effect the same purposes as would be prodnoed by a 
battering-ram of 16^000 pounds weight, and which, by manual 
strength, oonld be moved at the rate &only two feet in a second 
of time ? 

C. I think I can : the momentum of the battering^am nrast be 

estimated by its weight, multiplied into the space passed over in a 
second, which is 15,000 multiplied by two feet, equal to 30,( i()() ; 
now if this momentum, which must jdso be tliat of the cannon ball, 
be divided by the weight of the ball, it will give the velocity re- 
quired ; and 30,000 divided by 28 will be for the quotient 1072 
nearly, which is the number of feet tlie cannon ball must ])ass over 
in a second of time in order tliat the momenta of the battering-ram 
and the ball may be equal, or, in other words, that they may have 
the same effect m beatmg down an enemy's walL 

I now folly comprehend what the momentum of a body is ; 
for if I let a common trap-ball acddentaUy &11 from my hand uj)uu 
my foot, it occasions more pain than the mere pressure of a weight 
several times heavier than the ball 
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(7. If the attraction of gravitatioii be a power hj whidi bodies 
in gemaml tend towards each other/why do all bodies tend to the 
earth as a centre ? 

F. I have abeady told yon, that, by the great law of gravitation, 

the attraction of afl bodies is in proportion to the quantity of mat- 
ter which tlicy contain. Now tlie earth being so immensely larc^e 
in comparison of all other substances in its vicinity, destroys tfie 
effect of this attraction between smaller bodies, by bringing them 
all to itself. — If two balls are let fall from a high tower at a small 
distance apart, though they have an attraction for one another, yet 
it will be as nothing when compared with the attraction by which 
the^ are both impelled to the earth, and consequently the tendency 
which the^ mutuallv have of approaching one another will not be 
percenred in the &dL If, however, any two bodies were placed in 
free space, and oni of the sphere of the earth's attraction, thev 
wonl^ in thai case, assuredly approach each other, and that with 
increased velocity as they came nearer. Indeed, it has been found 
that a plumb-line held near a perpendicular mountain deviates 
from a vertical direction, by the attraction of the mountain for the 
weight. 

C. According to this, the earth ought to move towards falling 
bodies, as well as they move to it. 

E. It ought, and in just theory, it does ; but when you calciJate 
how many million of times larger the earth is than anything be- 
longing to it, and if you reckon, at the same time, the small dis- 
tances from which bodies can fall, you Avill know that the point 
where the falling bodies and earth will meet, is removed only to an 
indefinitely small distance from its surface, a distance much too 
small to M conceived by the human iniagmation. 

As all bodies on or near the earth tend to the centre of that 
body,- so the earth, and all the planets, with their several moons, 
as we shall see by and by, tend to the sun, as the body to which 
the whole and every part of the solar system is attracted. 

We will resume the subject of gravity to-morrow. 



CONVERSATION VIL 
0/tke AthadUm af OravUation. 

E. Has the attraction of gravitation the same effect on all bodies, 
whatever be their distance I'roin the earth? 

F. No ; this, like every power which proceeds from a centre, 
decreases as the squares of tiie distances from that centre increase. 

E. I fear that 1 siiuli not understand this, unless you illustrate 
it by examples. 

Suppose you are reading at the distance of one foot from a 
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caudle, and that you receive a certain quautitv of light on your 
book: now if ^ou remove to the distance of two feet from the 
candle, you ^\1ll, by a sunilar law, receive four times less light 
than you had before ; here, then, though you have increased your 
distance but twofold, yet the light is diminished fourfold, beoanse 
four is the square of rwo, or two multiplied hj itself. If^ instead 
of removing two feet from the candle, jou take your station at 3, 4^ 
5, or 6 feet distance, you will then reoenre at the different distances, 
0, 16, 25, 36 times less light than when you were within a single 
foot from the cfuullc, for tuese, as you know, are the squares of 



imparted by a fire; at the distance of one yard from which a per- 
son will enjoy four times as much heat as he wlio sits or stands 
two yards from it ; and nine times as much as one who should be 
removed to the distance of three yards. 

C. Is then the attraction of gravity four times less at a yard 
distance from the earth than it is at the surface 'i 

F. No ; whatever be the cause of attraction, which to tliis day 
remains undiscovered, it is so adjusted under the surface as though 
it acted from the centre of the earth, and not from its surface, and 
hence the difference of the power of gtmtj can scarcely be dia- 
cemed the small distances io which we haye access ; for a mile 
or two, which is much higher than, in genera], we haye opportuni- 
ties of making experiments, is yeiy little in comparison of 4000 
miles, the distance of the centre from the surface of the earth : 
and the squares of 4000 and 4002 differ still less when compared 
with either square. But could we ascend 4000 miles above the 
earth, and of course be double tlie distance that we now are from 
the centre, we should there find that the attractive force would be 
but one fourth of what it is here ; or, in otlier words, that a body 
wluch, at the surhice of the earth, weighs one pound, and by the 
force of gravity falls through sixteen feet in a second of time, 
would, at 4000 miles above the earth, weigh but a (quarter of a 
pound, and fall tiiroui^h only four feet in a second.* 
K How is that known, papa; for nobody ever was there ? 
You are right, my dear ; for the gieatest height that has 
been attained by &e most daring voyagers in a balloon, is nothing 
in comparison with this. Howeyer,! will try to ezphdn in what 
manner philosophera haye come by their knowledge on this 
subject. 

The moon is a heavy body connected with the earth by tliis bond 
of attraction; and, by the most accurate obseryations, it is known 

• Bx. SappoM it were reouircd to find the weieht of n leaden bnU, at Um top of • moiS* 
tain thvM mlM hivb, whica on the sarfae* of the earth weigrbs 201b.— 

If the MBi1.df«mvt«r of tho corth ha taken at 4,000, then add to thie the height of th« 
mountain, and tay as the aqnare of 4MB la to tb« a^aan of 4QM, ao U SOIb. to a fourth, 
proportional : or aa 10,024,009 :16,000,MD i i SO: 19*97: or MOMtlllair aon tliaB 191b. 151 os., 
whtoh i« tbo wtiyhl of tlM leaioa ball at tbo top of tho aoaataliu " 
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to be obedient to tlie same laws as other heavy bodies are: its dis- 
tance is also clearly ascertained, being about 240,000 miles, or 
equal to about sixty semi-diameters of the earth, and of course 
the earth's attraction upon the moon ouj^lit to dmiinish in the 
proportion of the square of this distance ; that is, it ought to be 
60 times 60, or 3600 times less at the moon than it is at the aor- 
faoe of the earth. And this is actually the case : it is proved hj a 
certain demtion in the moon's coarse, which youwiU comprehend 
better when you become acquainted with astronomy. 

Agam, the earth is not a perfect sphere, but a spheroid, that is, 
rather flat at the two ends called the poles, and the distance from 
the centre to the poles is abont 12 or 13 miles less than its distance 
from the centre to the equator ; consequentlv bodies ought to be 
something heavier at and near the poles than they are at the 
equator, which is also found to be the case. Hence it is in- 
ferred that the attraction of gravitation varies at all distances 
from the centre of the earth, in proportion as the squares of those 
distances increase * 

C. It seems very surprising thiit philosophers, who have disco- 
vered so many tilings, nave not been able to find out the cause of 
sravit J. Had Sir Isaac Newton been asked why a marble, dropped 
mm the hand, falls to the groond, codd he not have asdgned 
a reason? 

F, That great man, probaUy the greatest man that ever adorned 
this world, was as modest as hie was greats and he would have told 

you he knew not the cause. 

The late learned Dr. Price, in a work which he published more 
than forty years ago, asks, ''Who does not remember a iaine when 

he would have wondered at the question, ichy does water run down 
hillf What i^orant man is there wlio is not persuaded that he 
understands this perfectly ? But evers' mprorpd man knows it to 
be a question he cannot answer." For the descent of water, like 



tation, the cause of which is still involved in darkness. 

E. You just now said that heavy bodies by the force of gravity 
fall about sixteen feet in a second of time; is that always the case? 

JP. Yes \ all bodies near the sorface of the earth in our latitude 
fidl at that rate m the first second of time; but as the attraction 
of gravitation is continually acting, so the TekMsityof &lluig bodies 
is an increasing, or, as it is usually called, an oecelertUiM velocity. 
It is found by very accurate experiments that a body descending 
from a consulerable height by the force of gravity, falls 16 feet in' 
the first second of time; 3 times 16 feet in the next; 5 times- 
16 £Bet in the third ; 7 tunes 16 in the fourth seccmd of time ; 



that of other heavy bodies, dei)ends 
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and ao on, oontmnaUy inoreaauig according to the odd num- 
bers, 1, 3, 5, 7, 9, 11, &c. In oar latitude the tme disttUKoe Idlen 
in the first second is 16i|^ feet; and bj reason of tiie oentritogal 
force, this space Taries a uttle in different latitades. But this is 
not the proper time to explain to you these minuti». 



CONVEBJSATION Vm. 

Of the Attraction of Gravitation, 

E. Would a ball of twenty pounds weight here, really wei^ 
half an ounce less on the top of a mountain three miles lugh ? 

F, Certaiiilv; but you would not be able to ascertain it bv means 
of a pair of scales and another weight, because both weights being 
in similar situations, would lose equal portions of their gravity. 

E. How, then, would you make the experiment ? 

F. By means of one of those steel spiral-spring instruments 
which you have seen occasionally used, the fact might be ascer- 
tained. 

C» I think, from wliat you told us yesterday, that with the 
• assistance of your stop-watch, I ooold teU the height ^ any nlace, 
by observing the number of seconds that a maiUe or other neavy 
body would take in falling from that height. 

F. How would you penonn the calcumtion ? • 

(7. I should go through the multiplications «^^Tding to the 
number of seconds, and then add them top^ether. 

F. Explain yourself more particularly. Supposing vou were to 
let a marole or peuny-piece tail down tiiat deep well wliich we saw 
in the brick-field near Ramsgate, and that it was exactly five 
seconds in the descent, what would be the depth of the well ? 

C. In the first second it would fall 10 feet ; in the next 3 times 
16, or 48 feet; in the third 5 times 16, or 80 feet; in the fourth 
7 times 16, or 112 feet; and in the fifth secoud 9 times 16, or 
144 feet ; now if I add 16, 48, 80, 112, and 144 together, the 
sum irill be 400 feet^ which^ aooording to your rule, is the depth 
of the welL But was the well so deep ? 

1 do not think it was, but we did not make tiie experiment ; 
should we ever go to that place again, you may satisfy your cu- 
riosity. You recoUeet that at Dover Castle we were tolcl of a well 
there 360 feet deep. 

Though your calculation was accurate, yet it was not done as 
nature etFects lior operations, that is, in the shortest way. 

C. I should be pleased to know an easier method; this, however, 
is ver}' simple; it required nothing but multiplication and addition. 
F. True; but suppose 1 had given you an example in which the 
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minibcr of seconds had been fifty iniBiead of &re, the work would 
probably have taken yoa near an boor to perform it ; whereas, by 
the rule wiiich I am going to giy^ it might have been done in hau 

a minute. 

C. Pray let me have it ; I hope it will be easily remembered. 

F. It will: I think it cannot be forgotten alter it is once under- 
stood. The rule is this, " (he spaces described htj a hodi/ fa^inij 
freely from a state of rest increase as the squares of the times in- 
crease" Consequently you have only to sq^uare the number of 
seconds, that is, to multiply the number into itself, and tiicn mul- 
tiply that a^aiu by sixteen feet, the space which it describes in the 
ilnl aeeonct and wbl httve the required answer. Now tiy the 
example of iSbAwm. 

C, The square of 6, for the time, is 85, wfaioh, multiplied by 16, 
gives 400, lust as I farongfat it out before. Now if the seconds 
had been 50, the answer would be 50 times 50, whieh is 2500, 
and this multiplied by 16, ^ves 40,000 for the space required. 

F. I will now ask your sister a question, to try how she has un- 
derstood this subiect. Suppose you observe by this watch that 
the time of the tiiglit of ^our brother's arrow is exai^ six seconds, 
to what height does it rise ? 

F. This is a different question, because here the a^cetU as well 
as the fall of the arrow is to be considered. 

¥. fiut you will remember that the time of the ascent is always 
equal to that of the descent ; for as the velority of the dcsceut is 
generated by the force of gravity, so is the velocity of the ascent 
oestroyed by the same force. 

B. Then the anow was three seconds only in foiling; now the 
square of three is 9, wMdi, multipHed by 16, for the number of 
feet described in the first aeooDd, is equal to 144 feet» tkelieight 
to which it rose. 

F, Now, Charles, if I get you a bow which will carry an arrow 
so high as to be fourteen seconds in its flighty can you tell me the 
height to which it ascends ? 

0. I can now answer you without hesitation: — it will be 7 
seconds in falling, the square of which is 49, and this again mul- 
tiplied by 16, will give 784 ^t, or rather more than 261 yards, 
for the answer. 

F. If you wiU now consider the example which you did the long 
way, you will see that the rule which I have given you answers 
very completely. In the 1st second the body fell 16 feet, and in 
the next 48 ; taese added together make 04, which is the souare 
of the 2 seconds multiplied by 16. The same holds true oi the 
first 8 seconds, for in the 3a second it fell SO feet, which added 
to the 64, giro 144, equal to the square of 8 multiplied by 16. 
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Again, in tlic 4th sroond it fell 112 feet, which added to 144, 
pivc '2oC), ecj^iial to tlic s(iuare of 4 multijdicd by 10 ; and in the 
5th second it fell 144 feet, whicli added to 250, irivc 400, equal to 
the square of 5 multiplied by 10. Thus you will find the rule 
Iiold in ail cases, thai the space described by bodies falling freely 
from a state of rest, increases as the squares of the time increase. 

C I think I shall not forget the rule. I will also show mj 
consk Heniy how he may koiow the height to ^hidi his bow yrixt 
• 

The surest way of keepmff what knowledge we have obtained 

is by commiuucatin^ it to our uienclB. 

(). It is a very pleasant circumstance, indeed, that the giving 
awav is the best method of keeping, for I am sure the being able 
to obli<^ one's friends is a most delightful thing. 

Y. 1 our liberal sentiments are highly gratifying to me ; fain 
woidd I confirm them by adding more to your stock of knowledge. 
And, in reference to the subject now before us, it may be necessary 
to giiard you against the notion, that because the spaces described 
by falling bodies are as the sc^uares of the times, tlie tclocilies in- 
crease in the same ratio. This is not the case. The velocity ac- 
quired by a body falling freely, at the end of the 1st second of its 
motion, is such as, if it continued uniform, would caiTy it over 32 
feet in the next second. And in all succeeding intervals the velo- 
cities are the times : that is, at the end of 2, 3, 4, and 5 seconds, 
the velocities acqoiied will be respectiydy, twice, tluice, fonr times, 
and five times 32 feet; or, 64, 96, 128, and 160 feet. 

E. Before we quit this part of tiie snbject, papa, let me try if I 
thoroughly comprehend your meaning. A falling body having been 
in motion 4 seconds, will have descended 256 feet, and will then 
have a velocity of 128 feet; but the motion still accelerates and 
causes the boay to pass over nine times 16, or 144 feet, in the 5th 
second, making in all 400 feet : it vn\\ then have acquired a velo- 
city of 5 times 32, or 160 feet in a second, which if it continued 
uniform for another 5 seconds, would carry the body over 800 feet, 
or just t/cice the space described bv the body in the first 5 seconds, 
during which its motion was equably accelerated by gravity. 

F. lou have convinced me, my dear Emma, that you iiave most 
accurately caught the distinction I wished you to understand. If 
yon go to the Bbrary, and in Gregory's * Itehanics,' or one of the 
Cyclopaedias, look to the aooonnt of Anwoon's MaeMne, you will 
find a description of some curions experiments by which the whole 
will be rendered endent to your ^ as well 9a to ike eiye of tks 
mind. 
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CONVERSATION IX. 
Cftke Centre of Gracifi/. 

F. We are now goin^ to treat upon the Centre of Graritj/, wliich 
is that point of a body m which its whole weii^ht is, as it were, 
concentrated, and upon which, if the body be freely suspended, it 
will rest ; and in all other positions the centre of gravity will en- 
deavour to descend to the lofwest place to which it can get. 

C All bodies, then^ of whatever shape^ haveacentEeof gravity? 

F. They have : and if you conceive a line drawn from the centre 
of gravity of a body towards the centre of the earth, that line is 
called the line of direction, along which every body, not supported, 
^deavours to fail. If the line of direeiion fall within the base of 
any body, it will stand ; but, if it does not fall within the base, the 
body will fall. 

If I place the piece of wood a on the edge of 
a table, and from a pin a at its centre of gravity 
be hung a little weight by the line of direction ^5 
6 falls within the base, and therefore, though the 
wood leans, yet it stands secure. But if upon 
A, another piece of wood b be placed, it is evi- 
dent that the centre of gravity of the whole will 
be now raised to c, at which point, if a weight 
be hunj^, and it be found that the line direc- 
tion fiws out of the bas^ tiie body must fall^ as 
a necessary consequence. 

B. I think I now see the reason of the advice which yon gave 
me, when we were going across the Thames in a boat. 

F. I told you that if ever you were overtaken by a storm^ or by 
a squall of wind, while you were on the water, you must not let 
your fears so get the better of you, as to make you rise from your 
seat ; because, by so doing, you would elevate the centre of gravity, 
and thereby, as is evident oy the last experiment, increase tlie 
danger: wiiereas, if all the persons in the vessel were, at the 
moment of danger, instantly to slip from tlicu* places on to the 
bottom, the risk would be exceedingly diininished, by bringing the 
centre of gravity much lower within the vessel. 

E. Surely then, papa, those stages, whose tops arc loaded with 
a dozen or more people, c<annot be safe for the passengers ? 

F. They are very unsafe ; and that thev are not more frequently 
overturned is due to the eood or even roaos of this country ; a cor- 
ner or sloping road woidd throw the centre of gravity beyond the 
base, and they would inevitably till 

C, 1 understand then, that the nearer the centre of gravity is to 
the base of a body, the firmer it will stand ? 

F. Certainly ; and hence you see why conical bodies stand so 
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firmly on their bases, for the tops being small in comparison of the 
lower parts, the centre of gravity is thrown very low; and if the 
cone be upright or perpenaicular, the line of direction falls in the 
middle of the base, which is another fundamental property of steadi- 
ness in bodies. For the broader the base, and the nearer the Hue 
of direction is to the middle of it, the more firmly does a body 
stand ; but if the line of direction fall near the edge, the body is 
easily overthrown. 

Cl Is that the reason why a ball is so easily rolled along ahoii- 

aontal plane P 

It is; for, in all spherical 
bodies, the base is but a pdnt ; 
001180^11611% almost the smaUefljt 
force is sufficient to remove tne 
line of direction out of it. Hence^^ 
it is evident, that heavy bodies 
situated on an inclined plane will, 
while the line of direction falls 
within the base, slide down upon 
the plane: but they^iil roll wlien 
that line falls witliout the base. 
Tlie body a will slide down the 
will roll down it. 




riff. 8. 

l)lune D £, bnt the bodies b and 
E. I have seen buildings lean very much out of a straight line ; 

why do they not fall? 



Jr. ItdoesBotfdlowbecaiue 
a building leans, thattiie centre 
of gravity does not fall within 
the base. There is a high tower 
at Pisa,'a town in Ita^, wludi 
leans fifteen feet out of the per- 
pendicular ; strangers tremble 
inpassin^by it ; still it is found 
by expenment that tlie line of 
direct ion falls wit hin it s base, and 
therefore it will stand so long as 
its materials hold together. 

A wall at Bridgenorth, in 
Shropshire, which I have seen, 
stands in a similar situation, but 
so long as aline c h, let fall from 
the e^tre of gravity c of the 
building a b, passes within the 
base c b, it wiU remain firm, un- 
less the materials withwhidiit 
is built go to decay. 
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C. It most he of ^cat use in manv cases to know the method 
of finding the centre of gravitj- in ditferent kinds of lx)(iies. 

F. There are many casv niles for this with respect to all manage- 
able bodies : I will mention one which depends on tlic })r()j)crty 
the centre of gravity bas^ of always endeavouring to descend to llie 
lowest noint. 

If a Dody A be freely suspended 
on a pin a, and a plumb-line a b be 
hung by the same pin, it will pan 
tlupcmgn the oentre of gravity, forfii 
that eentre is not in the lowest point, 
till it fall in the same line as the 
]^ii]nb4ine. Mark the line a B; 
then hang the body up by any other 
point, as D, with the plnmb4ine d e, 
which will also pass through the 
centre of gravity for the same reason as before ; and therefore, as 
the centre of gravity is somewhere in a b, and also in some point 
of D E» it must be in the point where those lines cross. 





CONVERSATION X. 

0/ the Centre qf GravUjf. 

C. How do thoee people who hare to load carts and waggons 
with li^ht ffoods, as h&j, wool, &c., know where to find the centre 

f. Perhaps the generality of them never heard of such a prin* 
ciple ; and it seems surpriamg that they should nevertheless make 

their loads with such accuracj as to keep the line ol direction 
in or near tiie middle of the base. 

E. 1 have sometimes trembled to pass bj the hop-waggons which 
we have met on the Kent Road. 

F. And without any impeachment of your courage ; for they are 
loaded to such an enormous lieight, that they totter every inch of 
the road. It would be impossible for one of these to pass with 
tolerable security along a road much inclined ; the centre of graWtv 
bein^ removed so hign above the body of the carriage, a small 
decimation on one side or the other would throw the line of direc- 
tion out of the base. 

£ When my brother James fidJs aboot, it is beoanse he cannot 
keep the centre of gnmtj between his feetP 

F. That is the precise reason why any person, whether old or 
yonng,&Us. Ana hence yon leain that a nian stands much firmer 
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with his feet a Hide apart than if thejwere auite dose, for by 
separating them he increases the base. Hence also the difficnlt^ of 
sustaining a tall body, as a walking cane, upon ananow foundation. 
S, How do rope and wire-dancers, whom I have seen at the 

Circus, manage to balance themselves ? 

F, Thej generallY hold a long pole, witih weights at each end» 
across a rope on wiiich they dance, keeping their eyes fixed on 
some object parallel to the rope, by which means they know when 
their centre of gravity dcchnes to one side of the rope or the other, 
and thus, by the help of the ]iole, they are enabled i(\ keep the centre 
of gravity over the base, narrow as it is. It is not however rope- 
dancers oiilv that pay attention to this principle, but the most 
comnion actions of persous in general are regulated by it. 

C. In what respects P 

F. We bend forward when we go up stairs, or rise from our 
chair, in order to bring the line of direction towards onr feet. Ibr 
the same reason a man carrying a bmden on hb back leans for- 
ward, and backward if he carries it on his breast. If the load be 
placed on one shoulder he leans ta the other. If we slip or 
tumble with one foot, we natorallj extend the opposite ann, mak- 
ingthe same use of it as the rope-dancer of his pole. 

This property of the centre of j^vity always tending to descend, 
will account for appearances which are sometimes exmbited to ex- 
cite the surprise of spectators. 

E. Wliat are those ? 

F. One is, that of a double cone, appearing to roll up two in- 
clined planes, forming an angle with each other ; for as it rolls it 
sinks between them, and by that means the centre of gravity is 
actually descending. 



the rulers, and appear to ascend ; the parts of the cone that rest 
on the rulers, becoming smaller as they go over a large opening, 
and thus letting it down, the centre of gravity descends. But 
you must remember that the height of the planes must be less 
than the radius of the base of the cone. 
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Let a body e f, consisting 
of two equal cones united at 
their bases, be placed upon 
the edges of two straight 
smooth mien, ab and cb, 
which at one end meet in an 
angle at a, and rest on a 
horizontal plane, and at the 
other are raised a little above 
the plane ; the body will roll 
towards the elevated end of 
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Tig, la. 

}ved from c towards 
mg, though the cylinder k 



C. Is it upon tliis principle that a cylinder is made to roll ii]) hill ? 

F. Yes, it is ; but tliis can only be effected to a small distauce. 
If a cylinder of ])asteboard, or very light a 
wood, A B, having its centre of gravity at ' 
be placed on the inclined plane c d, it will 
roll down the inclined plane, because a line 
of direction from that centre lies out of the 
base. If I now M the little hole o above 
with a plug of lead, it will zoU op the in- 
dined plane, till the lead gets near the 
base, where it will*'lie still: because the 
centre of gravity, by means of the lead, is re 
the ping, and therefore is descending, t 
ascending. 

Before I put an end to this subject, I will show you another ex- 
periment, which, without understandii^ the principle of the centre 
of gravity, cannot be explained. 
Upon this stick a, which, of itself, 
would fall, because its centre of 
gravity hangs over the tabic e f, I 
suspend a bucket b, fixing another 
sticK a, one end in a notch ])etween 
A and and the other against the 
inside of the pail at the bottom. 
Now jaa will see that tiie hneket 
wiU, in this position, be supported 
though filled with water. For the backet being poshed a little out 
of the perpendicular by the stick a, the centre of gravity of the whole 
is broii^'ht under the table, and is consequently supported by it. 

The knowledge <rf the principle of the centre of gravity in 
bodies will enable you to explain the structure of a variety of toys 
which are put into the hands of children, such as tiie Utile Mwyer, 
rope^kuteer, tumbler ^ ^e. 
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CONVERSATION XI. 
On the £am of Motion, 

C, Are you now going, papa, to describe those machines which 
you call medkmieal powen? 

F, We must, I believe, defer that a day or two longer, as I 
have a few more general principles with which I wish you pre- 
viouslyto be acquainted. 

B. What are tiiese ? 
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^. In the int place, you. must well understand fdttt are deno- 
minated the tiiree general laws of motion : the fini of which is, 

wUU U is compelled by some force to chmige Us siaie** This con- 
stitutes what is denominated the rnetiia or inactivity of matter. 
And it may be observed that a change never happens in the motion 
of anjr boay, without an eqoal and of^poaite ohaoge in the motion 

of some other body. 

C. There is no difficulty of conceivius: that a body, as this ink- 
stand, in a state of rest, must always remain so, if no external 
force be impressed upon it to give motion. But I know of no ex- 



motion would of itself continue so. 

F, You will, I tliink, presently admit the latter part of the 
assertion, as well as the former, although it cannot be established 
by experiment. 

E, I shall be glad to hear how this is. 

F. Yon will not dei^^ tiiat the ball* which joa strike from the 
trap, has no more power either to destroy its motion, or to cause 
any change in its ydocity, than it has to change its shape ? 

C. Certainly : neyertheless, in a few seconds after I haye strook 
tiie ball with all my force, it falls to the ground, and then stops. 

Do you find no difference in the time that is taken up before 
it comes to rest, even supposing your blow the same P 

C. Yes, if I am playing on the grass it rdls to a less distance 
than when I play on the smooth eravel. 

F. You fmd a like difference when you are playing at marbles, if 
you play in the gravel court, or on the even pavement in the arcade. 

C. Tlie marbles run so easily on the smooth stones in the arcade, 
that we can scarcely shoot with a force small enough. 

E. And I rcnicml)er Charles and my cousin were, last winter, 
trying how far they could shoot their marbles along the ice in the 
csuial ; and they went a prodigious distance in comparison of that 
which thcY would have gone on the gravel, or eyen on the pave- 
ment in tne arcade. ' 

F, Now these instances properly applied will coinrjaQoe you, that 
a body once put into motion woula go on for ever, if it were not 
compelled by some external force to change its state. 

d I perceive what you are going to say : — ^it is the rubbing or 
frietion of the marbles against the ground which does the business. 
Por on the pavement there are fewer obstacles than on the gravel, 
and fewer on the ice than on the pavement ; and hence yon would 
lead us to conclude, that if all obstacles were removed tliey miffht 
proceed on for ever. But what are we to say of the ball — ^what 
stops that ? 




suppose that a body once put into 
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^ jP. fiendes friction, there is another and still more imnortnnt 
Giieiimstance to be taken into ocxnaidentioii. whidi affects ike ball, 
marbles, and every body in motion. 

C. I understand you ; that is the attraction of gra'sntation. 

F, It is ; for from what we said when we conversed on that 
subject, it appeared that gravity has a tendency to bring even.' body 
in motion to the earth ; consequently, in a few seconds, your ball 
must come to the ground by that cause alone ; but besides the at- 
traction of gravitation, there is the resistance of the air, through 
which the ball moves. 

£ That cannot be much, I think. 

Periiaps, with legard to the haU afamdc from your hrolhei^s 
trap, it 18 of no great oonaidflralaoiiy beoanse the Tekxatj is but 
small ; hat in all great yelocities, as that of a hall from a nrasket 
oreaimon, tiiere will be a material difference between the theoiy 
and practice, if it be neglected in the calculation. Move your 
mamma's riding-whip through the air slowly, and yoo obaerve no- 
thing to lenundyon that there is this resisting medium : hut if 
you swing it witn considerable swiftness, the noise which it occa- 
sions will inform you of tlie resistanoe it meets with from some- 
thing, which is the atmosphere. 

C. If I now understana vou, the force which compels a body in 
motion to stop, is of three kinds : 1, the attraction of gravitation ; 
2, the resistance of the air \ and 3^ the resistance it meets with 
from friction. 

F. You are quite riffht. 

C. I have no difficulty in conceivinff that a body in motion will 
not come to a state of rest» till it is Drought to it by an external 
foree^ acting upon it in some way or other. I have seen a ^ntle- 
msn, whin skiSdn^ on very slippeiy ice, ^ a great way without 
any exertion to hmisdf ; lint where the ice was rough, he could * 
not go half the distance, without making fresh efforts. 

F. I will mention another instance or two on this law of motion. 
Put a basin of water into your little sister's waggon, and when the 
water is perfectly still, move the waggon, and tne water, resisting 
the motion of tie vessel, will at first rise up in the direction con- 
trary to that in which the vessel moves. If, when the motion of 
the vessel is commimicated to the water, you suddenly stop the 
waggon, the water, in endeavouring to oon^ue the state of motion, 
rises un on the opposite side. 

In like manner, if, while you are sitting quietly on your liorse, 
the animal starts forward, you will be in danger of falling ()iri)ack- 
ward ; but if while you arc galloping along, the animal stops on a 
sudden, you will be liable to be thrown forward. 
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(7. This I know by ezperieuce, but I was not awaxe of tbe lea- 

8on of it till to-day. 

F. You wore wondering the other day how the rider at the ' 
circus, while his liorse was in full gallop, could jump over a rope 
and fall exactly on the horse's back ; but you will now see that as 
he already has the onward circular motion, the only motion he had 
to give himself was an upirard motion in order to clear the rope ; 
the onward motion carried him to his place again on the saddle. 

E. Now I see why the floor of the railway carriage, although 

toing 4:0 miles an hour, did not mn away from my watch the other 
ay, and let it &11 on the cushion. 

F, .Yes, and yon now see tbat, when some obstacle suddenly 
stops a tiain^ the passengers are earned onward^ and hurled against 
the front side of the carriages. 

One of the first, and not least important uses of the principles 
of natural philosophy, is^ that th^ may be applied to, and will 
eiwlain, many of the common concerns of life. 

We now come to the second law of motion, which is : — " that 
the change of motion %» proportional to the force impreuedtOMdin the 
direction of that force 

C. There is no dilhculty in this ; for if, while my cricket -ball is 
rolling along, after Hcm-y has stnick it, I strike it again, it goes 
on with increased velocity, and that in proportion to the strength 
wliich 1 exert on the occasion ; whereas, if, while it is rolling, I 
strike it back again^ or give it a side blow, I change the direction 
of its course. 

F. In the same way, ^vitv, and the resistance of the atm9>- 
sphere, change the direction oi a cannon ball from its course in a 
straight line, and briug it to the gronnd; and the ball goes to a 
greater or less distance in proportion to the quantity of power 
used. 

He third law of motion is : — ^' that to emy action of one body 
upon another y there is an equal and contrary reaeiimJ' If I strike 
tms table, I communicate to it (which you perceive by the shaking 
of the glasses) the motion of my hand : and the table reacts against 
my hand, just as much as my hand acts against the table. 

If you press with your finfrer one scale of a balance, to keep it 
in equihbrio with a pound weight in the other scale, you will per- 
ceive that the scale pressed by the finger acts against it with a 
force equal to a pouud^ with which the other scale endeavours to 
descena. 

In all cases the quantity of motion gained by one body is always 
equal to that lost by the other in the same direction. Thus, if a 
ball in motion strike another at zest^ the motion communicated to 
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the latter will be taken the former, and the velocitj of the 
former will be proportionally (liminishod. 

A horse dra\^ing a heavy load is as much drawn back bj the load 
as he draws it forward. 

£. I do not comprehend how the cart draws the horse. 

F. But the progress of the horse is impeded by the load, wliich 
is the same tning ; for the force which the horse exerts would 
carry liim to a greater distance in the same time, were he freed 
from the incumbrance of the load, and therefore, as much as his 
process falls short of that distance, so much is he, in effect, drawn 
hack bjr the leaotion of the loaded cart. 

Again, if you and your brother were in a boat, and if, by means * 
of a rope, you were to attempt to draw another to yon, the boat 
in which yon were wonld be as much pulled toward the empty 
boat as that wonkl be moved to you ; and if the weights of tlie 
two boats were eqnal, they wonld meet in a point halfway between 
the two. 

If you strike a glass bottle with an iron hammer, the blow will 

be reeeived by the hammer and the glass ; and it is immaterial 
whether tlic hammer be moved against the bottle at rest, or the 
bottle be moved against the hammer at rest, yet tlic bottle will be 
broken, thouj^h the hammer be not injured, because tlie same blow 
which is sulTicient to break glass is not suMcicnt to break or injure 
a mass of iron. 

L\ But how was it, papa, that, when Edward carelessly directed 
his gun yesterday toward the greenhouse, the bullet passed through 
the glass, making a hole, but not cracking the glass P 

F. Because a certain amonnt of tone is neoessaiy for a force to 
propasate itself throoffh a body ; and the boHet passed so quickly 
that tne particles of ^ass, agauist which it struck, were carried 
awe^ before the motion imparted to them had been propagated to 
the rest of the glass. Had he thrown the bullet with his hand, the 
motion would have been sufficiently slow to allow the force to be 
communicated, and the ^lass would liave been broken. 

From this law of motion yon may learn in what manner a bird, 
by the stroke of its wings, is able to support the weight of its 
body. 

C. Pray explain this, papa ? 

F. If the force with wluch it strikes the air below it is equal to 
the weight of its body, then the reaction of the air upwards is 
hkewise equal to it ; and the bird, being acted upon by two 
forces in contrary directions, will rest between them. If the force 
<^ tli^ stroke is greater than its weight, the bird will rise with the 
d^ertnee of those two forces; ana if the 8tr<4ce be lete than its 
weight, then it wiU smk with the difference. 
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CONVERSATION XIL 

(h the Law Motion, 

C. I am prepared to believe that those laws of motion which 
you explained yesterday are of great importance in natural phi- 
losoi)hy. 

F. Indeed they axe, and should be carefully oommitted to me* 
moiy. The^r wers aaamned by Sir Xsaae Newton as the fiindft- 
mental principles of mechaiiioa, and you will find them at the head 
' of most books written on these subjects. Eiom these also we axe 
naturally led to some other branehes of soienoe, which, though we 
can but slightly mention them, should not be wholly neglected. 
They arc, in fact, but corollaiies to the laws of motion. 

E. What is a corollary, papa? 

F. It is nothing more than some trutli clearly deducible from 
some other truth before demonstrated or admitted. Thus, bv the 
Jirst law of motion, everi/ body must endmvour to continue in the 
stale into which it is put^ wfiether it be of rest^ or uniform motion in 
a straight line: from which it foUows, as a coroUary, " that when 
we see a body move in a curve line, it must be acted upon by at 
least two forces." 

C. When I whirl a stone round in a sling wliat aic the two 
forces which act upon the stone P 

J*. There is the force br which, if you let go the string, the 
stone will fly off in » rig^t line; and there is the force m the 
hand, which Keeps it in a circular motiop. 

E. Are there any of these circular motions in nature ? 

F. The moon and all the planets more by analogous laws — ^to 
take the moon as an instance. It has a constant tendency to the 
earth, by the attraction of gravitation, and it has also a tendency 
to proceed in a right line, by that projectile force impressed upon 
it by the Creator, in the same manner as the stone flies from your 
hand ; now, by the joint action of these two forces, it describes a 
circular motion. 

E. And what would be the consec[uence, supposing the projec- 
tile force to cease ? 

F, The moon must fall to the earth; and if the force of ^avity 
were to cease acting upon the moon, it would fly off into mfinite 
space. Now the projectile force, when a{q[>lied to the planets, is 
eslled the centrifugal force, as having a tendency to recede or flj 
fsxm tiie centre; and the other force is termed the eenir^pUal 
force, from its tendency to some point as a oenti^. 

When Mary twirls the mop^ you see the threads all anange 
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themselves like rays from a centre ; but the drops of water all fly 
off perpendicular lo the rays : the position of tne threads is the 
direction of the cetUrij^taU force» that of the drops, of the cen- 
iriJugaL 

C. And all this in consequence of the inactivity of matter by 
which bodies have a tendency to continue in the same state they 
are in, whether of rest or motion ? 

F, You are right ; and this principle, which Sir Isaac Newton 
aasnmed to be in all bodies, he called their m imartue, to which we 
have before refened, 

A few moramgs ago you showed ns that the attraction of 
the earth upon the moon* is 8600 times less than it is upon heavy 
bodies near the earth's surface. Now, as this attraction is mea- 
sored by the space fallen through in a giyen time, I have endea> 
youied to cahmlate the qjace which the moon woold fall throsgh 
in a minute, were the projectile force to cease. 

F. Well, and how have you brought it out ? 

C. A body falls here 16 feet in the first second, consequently in 
a minute, or 60 seconds, it would fall GU times 60 feet, that is 3600 
feet, wliicli is to be multii)lied by 16 ; and as the moon would fall 
through 3000 times less space in a given time than a body here, it 
woulafall only 16 feet in the first minute. 

F. Your calculation is accurate ; as you will perceive more fully 
when we converse upon astronomy. I will recall to your mind 
the MgeondhKw, hj which it appears, tiai every maium or ekawe of 
m^¥m pradueed mm hodi/, mmi be proporHomd to, and m the diree- 
tm of,the force t/Kmrmed. Therefore, if a moTUi^ bod^r receives 
an impulse in the durection of its motion, its velocity will be in- 
creased ; if in the contrary direction, its velocity will be diminished; 
but if the force be impressed in a direction obhnue to that in which 
it moves, then its direction will be between that of its former motion^ 
and that of the new force impressed. 

C. This I know £rom the observations I have made with my 
caicket-ball. 

F. By this second law of motion, you will easily understand that 
if a body at rest receive two impulses, at the same time, from forces, 
whose mrectious do not comcide, it will, by their joint action, be 
Boade to move in aline that lies between the direction of the forces 
imwessed. 

£ Have you any machine in order to prove this satisfiustorily 
tothesensesP 

Thm are many snoh, invented 1^ different persona^ descr^- 
^ of whidi yon will hereafter find in vazkms books on these 
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B subjects. But it is, easily understood by a 
tigiire. If on the ball a a force be impressed 
sufficient to make it move with an uniform 
vclurily to the point b, in a second of time ; 
^ and if another force be also simultaaeously 
impressed on the ball which alone would make 
it moye to the point c, in the same time ; the 
ball, by means of the two foroes, will describe 
Fir li. tiie line ▲ J>, whieh is the diagonal of a figure, 
whose sides are ▲ c and a b. 

C, How then is motion produced in the rJi ruction of the force?' 
According to the second law, it ought to be» in one case, in the 
direction ▲ c, and, in the other, in that of ▲ b, whereas it is in that 

of A D. 

F. Examine the figure a little attentively, carrying this in your 
mind, that for a body to move in the same (lirection^ it is not neces- 
sary that it should move in the same straight line ; but that it is 
buriicient to move either in tliat line, or in any one parallel to it. 

C. I perceive then that the ball, when arrived at p, has moved 
in the direction a c, because B D is parallel to a C; and also in the 
. direction a b, because c d is parallel to it. 

And in no other possible situation but at the point d, oonld 
this experiment be conformable to t^e seomid law of motion. 

Yon will not foiset that, if a body move in a carve, the eoHimued 
action of external force most be inferred ; if that- action were to 
cease at any point, the body would continue iis motion in a straight 
line touching the curvilinear path in that point. 



CONVERSATION XHI. 

Ott ihe Lam <f Motion, 

F. If you reflect a little upon what we said yesterday on the 
second law of motion, you will readily deduce the following corol- 
laries, referring, as you ^o along, to the last dia^am. 

1. That, if ue forces oe equal, and act at right angles to one 
another, the line described by the ball will be tne diagonal of a 
square. But in all oth^ cases it will be the diagonal of a parallelo- 
gram of some kind. 

2. By varying the angle and the forces, you vary the form of 
your parallelogram. 

C. Yes papa; and T see another consequence, viz., that the 
motions of two forces acting coiyointly in this way are not so great 
as when they act separately. 
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F. That is true ; and you are led to the ooockision, I suppose, 
from the reooUectiQii, that iu e?ei7 Ixiangle any two sides taken 
together are greater than the remaming side : and therefore you 

infer, and justly too, that the motions which the ball a must have 
received, had tlie forces been applied separately, would have been 
equal to a c and a b, or, which is the same tiling, to a c and c d, 
the two sides of the triangle a d c ; but by their joint action the 
motion is only equal to a d, the remaining side of the triangle. 

Hence then you will remember, tiiat in the composition^ or adding 
together of forces (as tliis is called), motion is always lost : and in 
the resolutuM of any one force, as a D, into two others, a c and 
A By motion is gained. 

d Well papa, bnt how is it that the heavenly lx)die8, the moon 
for instance, wMch is impelled by two foToes^ peifonn8h«r moiaon 
in a circular curve round the earth, and not in a diagonal between 
the du*ection of the pnjectile force and that of tibe attraction of 
gravity to the earth r 

F. jBecanse, in the case just mentioned, there was only the action 
of a single impulse in each direction, whereas the action of gravity 
on the moon is continual, and causes an accelerated motion, and 
hence the line is a curve. 

C. Supposing, then, that A represent the moon, and AC the 
sixteen feet tlyough which it woidd fall in a minute by the at- 
traction of gravity towards the earth, and a b represent the pro- 
jectile force acting upon it for the same time. If a b and a c 
acted as single impulses, the moon would in that case describe the 
diagonal ab; but since these forces are constantly acting, and 
that of gravity is an accelerating force also, instead of the straight 
line AD, the jnoon will be drawn into the cnrve line AffB. Dol 
understand the matter right P 

F. Yon do ; and hence you easily comprehend how, by good 
mstroments and calcnlation, the attraction of the earth npon the 
moon was discovered. 

The third law of motion, viz. that action and reaction are equal 
and in contrary directions, may be illustrated by the motion com- 
municated by the percussion of elastic and nm-ikutic bodies. 

E. Wliat are these, papa? 

F. Elastic bodies are those w^hich have a certain spring, or 
power of self-recovery, by which their parts, upon being pressed in- 
wards, by percussion, return to their lormer state ; this property 
is evident m a ball of wool or cotton, or in sponge compressed. 
Ifim-doBtie bodies are those whidi, when one strikes another, do 
not rebound, bnt move together after the stroke. 

Let two eqwd maj buls a and h be suspended by threads; if 
a be drawn a little out of the pexpendioolar^and be let fall upon^ 

8 




H will lose its motion by commnnioating it to b, 
which will be driven to a distance <?, equal to 
that through which a fell ; and lience it appears 
that the leaction of d was equal to the action of 
a upon it. 

K But do the parts of the ivory balls yield by 
the stroke, or, as you call it, by percussion ? 

F. They do ; for if I lay a little paint on and 
let it touc/i b, it will make but a very buiall speck 
upon it : but if it fall Upon the speck will be 
Fiff.it. mnoh larger; which proves that the balls are 
ehisticty and that a little hollow, or deiii^ was made 
in each by ooUiisum. If now two eqnal soft balls of clay, or 
glazier's putty, which are non-elastic, meet each other with equal 
velocities, they would stop and stick together at the place of their 
meeting, as their mutual actions destroy each other. 

C. I have sometimes shot mv wliite alley against another marble 
so pluiTiplv, that the marble nas gone off as swiftly as the alley 
approachccl it, but the alley remained motionless in tlie place ii 
the marble. Are marbles, therefore, as well as ivory, elastic ? 

. T. They are; but neither of them per- 

\ fictly elastic. — If three elastic balls a, h, c, be 
\ hunff 




ung from the adjoining centres, and c be 
drawn a little out of the perpendicular, and 
let fail upon ^, then will c and b become sta- 
tionary, andtf will be driven to the distan c e 
throngh which e fell upon b. 
If you hang any number of balls, as six, 
I \ eig^t^ &0., so as to touch each other, and if 
you draw the outside one away to a little 



distance, and then let it fall upon the others, 
the ball on the opposite side ^vill be driven 
off, while the rest remain stationary, so equal 
is the action and reaction of the stationary 
balls divided among them. Li the same manner, if two are drawn 
aside and suffered to fall on the rest, the opposite two will fly off, 
and the others remain stationary. 

There is one other circumstance depending upon the action and 
reaction of bodies, and also upon the inffrHa of matter, worth 
noticing ; by some authors you will find it largely treated upon* 

If I strike a blacksmith's anvil with a hammer, action and re- 
actioii bein^ equal, the anvil strikes tiie hammer as foroibly as the 
hammer strikes the anvil. 

If the anvil be large enough, I might lay it on my breast, and 
suffer you to strike it with a sleidge hunmer with all your strength. 
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without pain or risk ; for the r/.v i?iertia of the anvil resists the 
force of the blow, without acquiring any perceptible velocity. 
But if the anvil were but a pound or two in weight, your blow 
would probably kill me. 

E. Is it owin^ to this principle, that when a cannon on wheels 
is fired, it runs Daokwaza P 

F. It is; for the aoticm of tiie powder procboes as 'great a 
qiiantiiy momentum in the gun, as in the ball, bat tbeir mo- 
tions are contnuy ; the ball moyes forward and the eannon back- 
ward* and the cannon slower in proportion as its mass and weight 
are greater. 

CONVERSATION XIV. 
Ob the Mechameal Powm, 

C. Will you now, papa, explain the mechanical powers ? 

F. I will, and I hope you nave not forgotten what the momei^ 
turn of a body is ? 

C. No ; it is the force of a moving body, wliich force is esti- 
mated by the weight, nudtiplied into its velocity. 

E. Then a small body may have an equal momentum with one 
mnch larger? 

C. Yes, provided the smaller bodf moves as mnch more swiftly 
than the larger on^ as the weight of the hitter is greater than that 
of the former. 

F, What do yon mean when you say that one body moves 
more swiftly, or has a greater velocity tlian another ? 

C. That it passes over a greater space in the same time. Your 
watch will explain my meanmg : the minute-hand travels round the 
dial-plate in an hour, but the liour-hand takes twelve hours to per- 
form its course, consequently the velocity of the minute-hand is 
twelve times greater than that of the hour-hand ; because, in the 
same time, viz. twelve hours, it travels twelve times the space that 
is gone through by the hour-liand. 

F. But this can be only tnie on the supposition that two circles 
are equal. In my watch, the minute-hand is longer than the other, 
and, consequently, the circle described it is larger than that 
described 1^ the hour-hand. 

(7. I see at once, that my reasoning holds good only in the case 
where the hands are eqnaL 

F. There is, however, a particular pomt of the longer hand, of 
which it may be said, with the strictest truth, that it has exactly 
'twelve times the velocity of the extremity of the shorter. 

C, That is the pointy at which, if theremainder werecat off, the 
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two hands would be equal. And, in fact, every different point of 
the hand describes dilFerent spaces in the same time. 

F. The little pivot on wliicli the two hands seem to move (for 
they are really moved by diii'eieut ]>ivols, one within another) may 
be called che centre of motion, which is a fixed point ; and the 
longer ths hand is, the epreater is the space deaeribed. 

p. The eztremitiea of the vanes of a windmill, when they are 
going very fast^ are seareelj distmipiishable, tiioi^ the separate 
parts, nearer the nrill, are easily miBoened; this is owing to the 
Telocity of the extienntiea being so modi greator than that of the 
other parts. 

E. Did not the swiftness of the ronnd-abouts, which we saw at 
the fair, (h poiid on the same principle, viz. the length of the poles 
upon which the seats were fixed ? 

F. Yes ; the greater tlie distance at whicli these seats were 
placed from the centre of motion, tlie £^reater was the space which 
the little boys and girls travelled for tlieir halfpenny. 

E. Then those in the second row had a shorter ride for their 
mopey than those at the end of the j)oles ? 

F. Yes, shorter as to space, but the same as to time. In the 
same way, when yon and Chades go ronnd the gntvel wdk for half 
an houi^s ezncise, if he nm while you walk, he will perhaps have 
ffone six or eu^ht times roond in the same time that yon have been 
But three or mur times nnmd : now, as to time, yonr exercise has 
been equal, but he may have passed over doobJa tiie space in the 
same time. 

(?• How does this apply to the eaLidanation of the mechanical 

powers ? 

F. You will find the application very easy : — without clear ideas 
of what is meant i\v time and tjpace, you cannot comprehend the 
principles of mechanics. 

Tliere are six mechanical powers : the lever, the wheel and axis, 
the pulley, the inclined })lane, the wedge, and the screw. 

E, Why are they called mcchaiiicul powers ? 

F, Because, by their means, we are enabled mechanicai^ to raise 
weights, move heavy bodies, and overoome resistances, whuih, with- 
out their assSstaoee, oonld not be done. 

C. But is tibere no limit to the asnstance gained by these 
powmF for I remember reading of Archimedes^ who said, that 
with aidaoe for his fiodcrum he could move the e£u1;h itself. 

F, Human power, with all the assistance which art can give, is 
veiy soon limited, and upon this principle, thai tohtU we gain in 
power, tee lose in time. That is, if, by your own unassisted strength, 
you arc able to raise fifty pounds to a certain distance in one 
minnte, and ii^ by the help of maohineiy, you wish to raise 500 
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popnds to the same hei^t, jou wfllieqttire ten minates to perfonn 
it in: thus you increase your power ten-fold, but it is at the ex 
pense of time. Or, in other words, you are enabled to do that 
with one effort in ten minutes, which jou ooukl baye done in ten 

separate efforts in the same time. 

E. Then it appears that besides a place for his fulonmi, Arclii- 
medes would have required time \ yes, and a great deal ol' time, 
would he not ? 

jP. Yes, dear ; I once made a calculation of the number of years 
he would require to move the earth an inch : scores and scores of 
figures were neceasaiy to express the time. 

£ ThentheieisnoiealgiMnoflbioeaftxpDdredl^ 
powers? 

F, Though there be not any actual increase of force gained by 
these powers, yet the adyantagea which men derive from them are 
inestimable. If there are several small weights, manageable by 
human strength, to be raised to a certain height, it may be fuUy 
as convenient to elevate them one by one, as to take the advantage 
of the mechanical powers in raising them all at once. Because, 
as we have shown, the same time will be necessary in botli 
cases. But suppose you have a large block of stone of a ton 
weight to carry away, or a weight still greater, what is to be 
done ? 

B. r did not think of that. 

F. Bodies of this kind cannot be separated into parts propor- 
tionable to the human strength without immense labour, nor, per- 
haps, williont rendering them unfit for those purposes to wtdch 
they are to be applied. ^ Hcaooe, then, you pemiTe the mat im- 
portance of the medianieal powers, and of uieir combinaaons, by 
the use of which a man is able with ease to manage a weight many 
times greater than himself. 

0. I have, indeed, seen a few men, by means of pulleys, and 
appaientlj with no tckt great exertion, raise an enormous oak 
STmto'a timber-oanU^ in onkx to C011T17 it to the dock- 
yard. 

F. A very excellent instance ; for if the tree had been cut into 
such pieces as could have been managed by the natural strength of 
tliese men, it would not have been worth canyiug to Peptford oj:. 
Chatham for the purpose of ship-building. 

E. But what is a lulcrum ? 

F. It is a fi^ed j^oint, or prop, round which the other parts of a 

macliine move. 

C. Is the pivot npon which the hands of yonr watch move a 
fidcnmi then P 

It is ; and you xemonber we oaOedwii also toe centre of mo« 
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tion; the rivet of these eoisson is also a fulcrum, and also the 

oentre of motion. 

E. Is tliat a fixed prop or point ? 
■ F. Certainly it is a frsed point, as it regai'ds the two parts of 
the scissors ; for that always remains in the same position, while 
the other parts move about. Take the poker and stir the fire : — 
now that part of the bar on which the poker rests is a fulcrum, 
for the poker moves upon it as a centre. 



CONTEBSATION XV. 
0/ the Lever. 

F. We mH now consider the Lever, iduch is generally called the 
first nMchanicSal power. 

The lever is an inflexible bar of wood, iron, &c., which serves to 
raise weights, while it is supported at the point by a prop or fdl- 
cnuD) on which, as the centre of motion, all the other parts turn. 
^ A B will represent a lever, and the point 

c the fulcrum or centre of motion. 
Now it is evident, if the lever turn on 

its centre of motion c, so that a comes 

/ into the position b at the same time 
'^s^ / must come into the position b. If both 
"'^ the anns of the lever be equal, that is, 
if A c is equal to B c, there is no ad- 
vantage gained by it, for they pass over equal spaces in the same 
time; and, acc(»aing to the fundamental principles aheadj laid 
down (p. 36), "as advantage or power is gained, time mnst be 
lost : " therefore, no time being lost by a lever of this kind, there 
can be no power gained. 

C. Why then is it called a mecliamcal power ? 
E. Strictly speaking, perhaps it ought not to be numbered as 
one. But it is usuaDy reckoned among them, having the fulcrum 
between the weight and the power, which is the distiniruishing 
property of levers of the first kind. And, when the fulcrum is 
exactly the middle point between the weight and power, it is the 
common balance : to which, if scales be suspended at A and B, it 
is fitted for weighing all sorts of commodities. 

E. You say it is a lever of the /ml kind ; are there several sorts 
of levers ? 

* F, There are three sorts; some persons leQiEon four; tiie fonrth, 
however, is bat a bended one of the first kind. A lever of the firsi 
kind has the folcnun between the weight and power. 
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Figr. 18, 



The j^<?o«(f kind of lever has the fulcrum at one end, the power 
at the other, and the weight between them. 



c 




w^ 

Witt. ». ng. 91. 

In the fkkd kind the power is between the fnlenun and the 



reight. 



Of LeTcra' powtn the dlffmnt sorts srs thrsc; 
TbB jtm Im sttsNjsrds and in seslss jou. sts; 
Ths best, ft jtsonj; is tbs asUlsi's lift, 
Whsrs ptwtr and fiihnm to MeH end jon MH i 

Aad io tbe third, the wont of all, my friend. 
Ton find tbe weight and fulcrum at each end. 



Let us take the lever of the first kind (Fig. 18) which, if it be 
moved into the position a h, by turning on its ndcrum, c, it is 
evident, that while a has travelled over the short space a b has 
travelled over the greater space b which spaces are to one 
another exactly in proportion to the length of the arms a c and 
B c. K you now apply your hand first to the point a, and after- 
wards to B, in order to move the lever into the position a b, using 
the same velocity in both cases, you will find, tnat the time spent 
in moving tlie lever when the hand is at b, will be as much greater 
than that spent when the hand is at a, as the arm b c is longer 
than the arm A c; but then the exertion required will, in the same 
proportion, be less at b iliaa at 

C. The arm b o appears to be four tunes the length of a c. 

F. Then it is a lever which guns power in proportion of fonr to 
one. That is, a single pound weight applied to the end of the ann 
B c, as at p, wiU baiaace lour pounds snspMBnded at a, as w. 

C, I have seen wocbnen move larae pieces of timber to very 
small distanoesi means of a long mr of wood or iron ; is that 
ale?erF 
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F, It is ; they force one end of the bar under the timber, and 
then place a block of wood, stone, &c. beneath, and as near the 
same end of the lever as posj>iblo, for a fidcrum, applying their 
own strcn^^lli to the other; and power is gained in proportion as 
the distance from the fulcnnn to the part where the men apply 
their strength, is greater tluui the distance from the fulcrum to 
that end under the timber. Handspikes are levers of this kind, 
and by those the heaviest cannon are moved. 

C, it must be very considerable, for I have seen two or three 
men move a tree« in this way, of MTeial tcnur* weight, I dioiiM 
think. 

F. That is not difficult; for supposing a lever to gain the 
advantage of twesitv to one, and a man by his natural strength is 
able to move bnt a nnndred- weight, he wdl find that by a lever of 
this sort he can move twenty hundred-weight, or a ton ; but for 

single exertions, a strong man can put fortn much greater power 
than is sufficient to move a hundred-weight ; and levers are also 
l're([uently used, the advantage gained by which is still more con- 
siderable than twenty to one. 

There is another method, by means of a lever of the first kind, 
of moving, and even of pulling trees up by their roots. A strong 
scantling of timber, fixed perpendicularly to the axle of a pair of 
cart wheels, is strapped firmly to the tree ; and when the lateral 
roots are cut by digging a trench round it, the tap root or roots 
. aie easily torn up by a team of two or three horses ; for the tree 
itself becomes the lever, and the axle of the wheeb its fdlcnun. 

C. I think yon sud, the other day, that the common steel-yard, 
made use of by the butcher, is a lever ? 

F. I did; the short arm a c (see Figs. 18 and 19) is, by an in- 
oieaae in size, made to baLsnoe the lon^ one bc, and f^om c, the 
centre of motion, the divisions must commence. Now if b c be 
divided into as many parts as it will contain, each equal to a c, a 
single weight, as a pound, r, ^vill serve for weighing anv thing as 
heavy as itself, or as many times heavier as there are divisions in 
the arm c. If the weight p be placed at the division 1, in the 
arm b c, it will balance one pomid in the scale at a ; if it be re- 
moved to 3, 5, or 7, it will balance 3, 5, or 7 pounds in the scale ; 
for these divisions being respectively 3, 5, or 7 times the distance 
from the centre of motion, c, that a is, it becomes a lever, which 
gains advantage at those points, in the proportion of 3, 5, 7. If 
nofw the intervals bdmen the divisionB on the longer arm be 
subdivided into hahres, qnarters, Skc., any wd^t may be accurately 
asoertainad, to hatm^ qnarters of pomi^ &o. 
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CONVERSATION XVI. 
Of tie Lever, 

E. Wliat advantage has the steelyard, which you described iu 
our last Conversation, over a pair of scales ? 

F, It may be much more readily removed from place to place ; 
it requires no mmSBOA, and <nilj a single weight rar all tiie pur- 
poses to which it can be iqroUecL ^ Sometimes the arms are not of 
eqnaL weight ; in tiiat case the wdght p must be moved alon^ the 
arm b till it exacUj balance the other arm without a weight; 
and in that point a notch must be made, marking oyer it a ci^er^ 
0, from whence the divisions must commence. 

C. Is , not great accuiaqr required In the manufacture of instru- 
ments of this Tdnd ? 

F. Yes ; of such importance is it to the public that there should 
be no error or fraud oy means of fidse weights, or false balances, 
that it is the business of certain public officers to examine at stated 
seasons the weights, measures, &c., of eveiy shopkeeper in the 
land. Yet it is to be feared, that, after all precautions, much fraud 
is practised upon the imsuspecting. 

E. I one day last summer bought, as I supposed, a pound 
of cherries at the door; but Charles thinking there was not a 
pound, we tried them in our scales, and found out twelve ounces, 
or three cpiarters. instead of a pound, and yet the scale went down 
as if the man had dhren me fall weight. Mow was that managed? 

F. It mi^ht be done many ways : by short weights ; or by the 
scale in ^duch the fruit was put being "heavier than the other ; — 
but fraud may be practised with honest weights and scales by 
making the arm of the balance on which the weight hangs shorter 
than tne other, for then a pound weight will be balanced by less 
fruit than a pound; this was probably the method, by which you 
were cheatea. 

. E, By what method could I have discovered this cheat ? 

F. The scales when empty are exactly balanced, but when 
loaded, though still in equihbrio, the weights are unequal, and the 
deceit is instantly discovered by changing the weights to the con- 
trary scales. I will give you a rule to find the true weight of any 
body by such a fidse balance ; the reason of the rule you will un- 
derstand hereafter: ^^Fimd the weigkii of the body by both sealee^ 
'multiply them together^ and then Jmd the square root of the product, 
mhiek tithe true ioeightr 

G, Let me see if 1 understand the role : suppose a body weigh 
16 ounces in one scale, and in the other 12 ounces and a quarter, 
I mult^ly 16 by 10 and a quarter, and 1 get the product, 196, 
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the square root of whicli is 14 : for 14 multiplied into itself gives 
196 ; therefore the true weight of the body is 14 ounees. 

F. That is just what I meant ; but let me proceed. — To the 
lever of the first kind may be referred many common instruments, 
such as scissors, pincers, snuifers, &c., wiich are made by two 
levers, acting contrary to one another. 

S, The rivet is the fulcrum, or centre of motion, the hand the 
power used, and wliaiever is to be cut is the resistance to be ^ 
overoome. 

C. A poker stirring the fire is also, as you hinted yesterday, a 
lever ; for the bar is the fidcmm, the huid the power, aiid the 
coals the resistance to be overcome. 

F. We now proceed to levers of the second kind, in which the 
fulcrum c (Fi^. 20) is at one -end, the power v applied at the other 
B, and the weight to be raised w, somewhoe between the folcmm 
and the power. 

C. And how is the advantage gained to be estimated in this lever? 

F. By looking at tlic ligure, you will find that power or advan- 
tage is gained in proportion as the distance B, the point at which 
the power p acts, is greater than the distance of -the weight w 
from the fulcrum. 

C. Then if the weight han^ at one inch from the fulcrum, and 
the power acts at five inches from it, the power gained is five to 
one, or one pound at p will balance five "wP 

F, It will; for you perceive that the power passes over five 
times as great a space as the wei^^t, or wnile. the point a in the 
lever moves over one inch, the pomt B will move over five inches. 

K What things in common use are to be refened to the lever 
of the second kind P 

F. Tlie most common and useful of all thin^ : everv door, for 
instance, which turns on liinj^es is a lever of this sort. I'he hinges 
may be considered as the fulcrum or centre of motion, the whole 
door is the weight to be moved, and the power is applied to that 
side, on which the lock is usually fixed. 

E. Now I see the reason why there is considerable difficulty in 
pushing open a heavy door, if the hand is applied to the part next 
the hinges, although it may be opened with the greatest ease in 
the usiml method. 

C, This sofo, with my sister upon it, represents a lever of the 
second kuulP 

F, Certainly ; if, while she is sitting upon it in the middle, you 
raise one end while the other remains fixed as a prop or fulcrum. 
To this kind of lever maybe also reduced nut-cnckers; oars; 
mdders of sliips ; those cuttinff-knives which have one end fixed 
in a block, such as are used for cutting chaff, drugs, wood for 
pattens, Ac. 
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E, I do not see how oars and rudders are levers of this sort. 

F. The boat is the weight to be moved, the water is the ful- 
cmm, and the waterman at the handle the power. The masts of 
ships are also levers of the second kind, for the bottom of the ves- 
sel is the fulerum, the ship the weight, and the wind acting against 
the sail is the moving power. 

The knowledge <n this princqple may be usefol in manv ritna- 
tions and ciiemnstancea of life if two men unequal in strenffth 
have a heavy burden to canj on a pole between them, the abmty 
of each may be consulted by placmg the burden as much nearer to 
the stron^r man as his strength is greater than that of his partner. 

E. Which would you call uie prop in this case ? 

F. The stronger man, for the weight is nearest to him, and then 
the weaker must be considered as the power. Again, two horses 
may be so yoked to a carriage that cacli sluill draw a part propor- 
tioned to his strength, by dividing the beam in such a maiiner, that 
the ])oint of trad ion, or drawing, may be as much nearer to the 
stronger horse than to the weaker, as the strength of the former 
exceeds that of the latter. 

The principle of the wheelbarrow may be refen'cd to a lever of 
the second kmd. The fulcrum c may be considered as the wheel, 
w the load, and b the phice where the hands are applied; hence a 
man is enabled to drive or drag a much heavier load than he could 
carry, because his jooiMr at b is applied farther from the centre of 
motion c than the weight w. 

We will now describe the third kind of lever. In this the prop 
or folcrum c (as in fi§[. 21) is at one end, the weight w at the 
other, and the power p is applied at b, somewhere between the 
prop and weight. 

C. In tills case, the weight being farther from the centre of 
. motion than the power, must pass through more space than it. 

F. And what is the consequence of that ? 

C. That the power must be greater than the weight, and as 
much greater as the distance of the weight from the prop exceeds 
the distance of the power from it, that is, to balance a weight of 
three poimds at a, there will require the exertion of a power P, , 
acting at b, equal to five pounds. 

jP. Since then a lever A this kind is a^disadvantage to the mov- 
ing power, it is but seldom used, and onlv in cases of necessity; 
such as in that of a hidder, whidi, bdng nzed at one end agtdnst 
a wall or other obstacle, is, by the stren^h of a man's arm, raised 
into a perpendicular or vertical position. But the most im- 
portant application of this third Jdnd of lever is manifest in 
the structure of the limbs of animab, particularly in those of 
man: to ti^iLe the aim as an instance; when we lift a weight by 
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the hand, it is effected by means of muscles coming from the 
shoulder-blade, and terminatiiig about one tenth as far below the 
elbow as the hand ia : now tiie dbow being the oentre 6f motioik 
xonnd which the lower pacta of the ana timi, aooofding to the 
jwinciple just laid down» the mnaclea mnai exert a force ten timee 
aa great as the weight that is raised. At first view this may ap« 
pear a disadvantage, but what is lost in power is gamed in velocity, 
and thus the hnman figure ia better adi^pted to the wiooa fiuie- 
tiona it has to perform. 



CONVERSATION XVH. 
Of the Wheel and Axk. 

F. Well, Emma, do you understand the principle of the lever, 
which we discussed so much at large yesteraay P 
' E. The lever gains advantage iii pro])ortion to the space passed 
through by the acting power, that is, if the weight to be raised be 
at the distance of one inoh from the fdtorom, uul the power ia 
applied nine inchea distant from it, then it ia a lever which gaina 
vadvantage as 9 to 1> becanae the apace passed through bjr the 
power is nine tunes greater than that passed through by the weight ; 
and, therefore, whtS is lost in time I17 pasaing Uiroiiigh a grrater 
space, is gained in power. 

F. Yon recollect, also, what the different kinds of lerera are, I 
hope. 

r!. I shall never see the fire stirred without thinking of a simple 
lever of the first kind; my scissors will frequently remind me of a 
combination of two levers of the same sort. The opening and 
shutting of the door wiii prevent me from forgetting the nature of 
the lever of the second kind : and I am sure, that I sliall never 
see a workman raise a ladder agaiust a house without recollecting 
the third sort of lover. Besides, I believe a pair of tongs is a lev^ 
of thiakind. 

. F, You are right ; for the Momm ia at the joint, and the power 
is applied between tiiat and the parte used in taking up coats, A^. 
— Can Tou, Charlea» tell na how the princq^ of moment applies 
to the WerP 

C. The momentum of a body is estimated by its weight, multiplied 
into its velocity, and the vdodty must be calonlatcMi by the space 
pissed through in a &;iven time. Now, if I examine the lever (see 
Figs. 17 and 18) and consider it as an inflexible bar, turning on a 
centre of motion, it is evident, that the same time is used for the 
motion both of the weight and the power, but the spaces passed over 
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are very different ; that wliich the power passes through being at 
much greater than that passed by the weight, as the length of the 
distance of the power from the prop is irreater than the distance 
of the wei^Hit from the prop ; and the velocities, hemg as the spaces 
passed in the same time, must be greater in the same proportion. 
Ckinteqiienti velocity of p, the power, multiplied mto its 
weight, ml be equal to the smaller velocity of w, multiiilicd into 
its ireight, and thus, their momenta being equal, they will balance 
one another. 

F. This applies to tiie fint and second kind ol lever; what do 

you say to the third ? 

C. Lithe third, the velocity of the power p, being leas than that 
of the weight it is evident, in order that their momenta majbe 

equal, that the weight acting at P must be as much greater than that 
of w as A c is less than B c» and then thqr will be in eqnilihno. 

F. The second niccha- 
nical power is the wheel |]^ 
md axlej which gains 
power in proportion as 
the circumference of the 
wheel is greater than that 
of the axis ; this machine 
maj be referred to the 
principle of the lever. n^.n. 
▲ B is the wheel, a D its axis : and if the cireomferenoe of the 
wheel be ei^ht times as great as that of the axis, then a single 
pound, p, will balance a weight, w, of eight poonds. 

C. Is it by an instrument of this bna that water is drawn from 
those deep wells so common in many j)arts of the country ? 

F. It is ; but as in most cases of this kind only a single bucket 
is raised at once, there requires but little power in the operation, 
and therefore instead of a large wheel, as A B, an iron handle fixed 
at Q is made use of, which, you know» bj its circular motifflij 
answers the purpose of a wheel. 

C. I once raised some water by a macliinc of this kind, and I 
found that as the bucket ascended nearer the top the difficidty 
increased. 

F, That must always be the case, where the wells arc so deep 
as to canse, in the ascent, the to coil more than once the 
lenffth the axis, becanae the advantage gained is in proportion 
as tiie circumference of the wheel is miter thim that of the axis ; 
80 that if the drcomferenoe of the wheel be 12 times greater than 
that of the axis, one pound applied at the former will balance 
13 hanging at the latter; but by the coiling of the zope roondthe 
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axis, the difference between the circumference of tlie wlieel and 
that of the axis continually diminishes ; consequently the advan- 
tage gained is less every time a new coil of rope is wound on the 
whole length of the axis : tliis explains why the difficulty of draw- 
ing the water, or an^ other weight increases as it ascends nearer 
the top. Bat m tliis case, as in that of the mere lever, what you 
lost in power, you gained in time ; for, with the same yelodw of 
the handle, the bnclet rose fasUr as it airiyed at the top of its 
course. 

C. Tlicii hy diminishing the axis^ or by increasing the length of 
the handle, advantage is gained ? 

F, Yes, by either of those methods we may gain power ; but it 
is very evident that the axis cannot be diminished beyond a certain 
limit, witliout rendering it too weak to sustain the weight ; nor 
can the handle be managed if it be constructed on a scale muck 
larger than what is commonly used. 

C. We must then have recourse to the wheel with spikes stand- 
ing out of it at certain distances from each other to serve as levers. 

jP. You may by this means increase your power according to 
your wish, but it must be at the expense of time, for you know 
that a simple handle may be turned several times while you are 
pulling the wheel ronnd once. 

To the principle of the wheel and axle may be referred the cap- 
stan, windlass, and all those numerous kinds of cranes, which are 
to be seen at the different whar£B on the banks of the Thames. 

Rnu«cd from repose nloft the sfiilori sirnnn, 

Aud with their /«vr* »ooii the wimUnn niirj. 

The t'tih-r pivcii, iiji spriug^ing- with n hound 

T)icv lodg-r the bars and wheel their eng-iu«a foud t 

At every tnrn the clnog'ing^ pnuls resound. 

Uptorn, relacMDt, from tu oozy cnve. 

The poad'nms ABohor riaea o'«r tbe war*. FAMOHU't fiBDwaiOk. 

C. I have seen a crane, which consists of a wheel large enough 
for a man to walk in. 

F. Li this the weight of the man, or men (for there are some- 
times two or three), is the moving powers for as the man steps 
forwards, the part upon which he treads becomes the heayiest, 
and consequently descends till it be the lowest. On the same 
principle, yon may see at the door of many bird-ca^e-maker8> a 
tird, oy iia weight, give a wicker caffe a curcular motion ; now if 
there were a simdi weight suspended to the axis of the ca^e, the 
tod by its motion woula draw it up, for as it hops from the bottom 
bar to the next, its mompyitum causes that to descend, and thus the 
operation is performed, both with regard to the cage, and to those 
large cranes which you have seen. 
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E. Is there no danger if the man happen to slip ? 

F. If the* weiglit be very great, a slip with tne foot may be 
attended w^ith very dangerous consequences. To prevent wrdch, 
there is generally fixed at one end of the axle a little wheel, G 
(see Fig. 22), called a rachet-whccl ; with a catch, ii, to fail into 
its teeth ; this will at any time support the weight iu case of an 
acddeat. Sometimes, instead of mea iraUdiig in the gie»t wfaeeL 
cogs are set roimd it on the outside, and a small tnmdle lihaA 
made to work in the oogs, and to be tnmed by a wineb, 

C. Are there not other sorts of cranes, in which all danger is 
avoided ? 

F, The crane is a machine of snch importance to the commer- 
'cial concerns of this country, that new inventions of it are con- 
tinually offered io the public : I will, when we go to the library, 
show you in the tenth volunle of the ' Transactions of the Society 
for the Encouragement of Arts and Sciences,* an engraving of a 
safe and excellent crane. It was invented by Mr. James White, 
who possessed a most extraordinary genius for mechanics. 

C. You said that this mechanical power might be considered as 
a lever of the first kind. 

F, I did J and if you conceive the wheel 
and uds to be cat thxoii|^ the middle in 
the direction a b, f o b will represent a 
section of it. ▲ b is a lever, whose centre 
cf motion is o ; the weight w, sustained by 
the rope a w, is apphed at the distance 
c jk, the radius of the axis; and the power 
p, acting in the direction B P, is applied at 
the distance c b, the radius of the wheel ; 
therefore, according to the principle of the 
lever, the power will balance the weight 
when it is as much less than the weight 
than the distance c b is greater than the 
distance of the weight a c. 
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CONVEE^ATION XVIIL 
OftheFull^. 

F, The third mechanical power, ^kepullw, may be likewise ex- 
plained on the principle of the lever. The line a b may be con- 
ceived to be a lever, whose arms, a c and b c, are equd, and c 
the fulcrum, or centre of motion. If now two equal weights, 
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w and p, be hung on the cord passing over 
the pviUcv, tliey will balaucc one aootheTj 
and the tiilcrum will sustain both. 

C. Does this pulley then, hke the com* 
moil balance, give no advatitac^e ? 

1\ From t he single fixed })ulley no me- 
chanieal advantage is derived ; it is, never- 
theless, of great importanee in changing 
the direction of a power, and is yery mucn 
used in buildings for drawing up small 
weights, it being mach easier tor a man to 
raise such bornsns by means of a smgle 
pulley, than to carry them up a long ladder; 
especiallj as he has the advantage of placing 
the pulley abore him ; and by pulling down* 
wards addiug his own weight to his strength. 

E. Wliy is it ealled a mechanical power ? 
Though a single fixed pulley gives no advantage, yet when 

it is not fixed, or when two or more are 
combined into what is ealled a system of 
pulleys, they then possess jdl the properties 
of the other mcchauical ])owers. Thus in 
C D B, c is the fulcrum ; therefore a power 
F acting at b, will sustain a double weight 
w, aotmg at A, for B c is double tbe ois- 
tanoe of a c from the fblomm. 

Again, it is evident, in the present case, 
that the whole weight is sustained by the 
cord s D and wliatcver sustams haff the 
cord, sustains also half the weight; but one 
half is sustained by the fixed liook e, con- 
sequently the power at p has only the other 
half to sustain, or, in other words, any given 
power at p wHi keep in equihbrio a double 
weight at w. 
C. Is the velocity of p double that of w ? 

F, Undoubtedlv ; if you compare the space passed through by 
the hand at f witt that passed by you will mid that the former 
is just double the latter^ and therefore the fMmmia of the power 
ana we^ht, as in the kyer, are equal ; so tiiat here again, wimt is 
gained in power is lost in time. 

C. So tnat, if the weight be raised an inch or a foot, both sides 
of the cord must also be raised an inch, or foot, but this cannot 
hmpen without that part of the cord at p passiDg through two 
inches^ w two feet of space. 
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F» You will now easily infer, from wliat has 
been shown of the single moveable pulley, that, 
in a system f)f pulleys, the power gained must 
be estimated, by doubiint,' tlie number of pulleys 
in the lower or moveable block. So that, wlieu 
the fixed block x contains two pulleys, which 
only turn on their axes, and the lower block y 
contains also two pulleys, which not only turn 
on their axes, but ajso rite with the weight, the 
advantage is as four; that ia^ a single pound at 
F will sustain four at w. 

C. Jsk the present mstance, also, I peioeiTe, 
that by raising w an inch, there are four ropes 
shortened ea(£ an inch, and therefore the hand 
must have passed through four inches of snace 
in raising the weight a single inch; wnich 
establishes the maxim, that wnat is gained in 
power is lost in space. But you have only 
talked of the power of balancing or sustaining 
the weight ; something more must, I suppose, 
be added to raise it. 

F. There must ; considerable allowance must 
likewise be made for the friction of the cords, 

and of the pivots, or axes, on which the pulleys turn. Li the me- 
chanical powers, in genend, one third 
the power must oe added for the 

loss sustained by Motion, and for the 

imperfect manner in which machines 

are commonly constructed. Thus, 

if by (heort/ you gain a power of 

600 ; in prurtlce you must reckon 

only upon iOO. In those pulleys 

which we have been describing, 

writers have noticed three things, 

which take much from the general 

advantage and convenience of pul- 
leys as a medianioal power. The 
firri is, that the diameters of the 

axes bear a great TOoportian to their 

own diameters. The iee(md is, that 

in working thej are apt to rub a^amst 

one anotner, or agamst the side of 

the block. The third disadvantage 

is the stiifuess of the rope that goes 

over and imder them. 
The first two objections have been, n^. ar 
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in a great degree, remoired by the concentric pulley, invented 
by l£r. James White; b is a solid block of orass, in which 
j;rooTes are cut, in the proportion of 1, 3, 5, 7, 9, &c. ; and A 
18 another block of the same kind, whoso n^ooves are in the pro- 
portion of 2, 4, 6, 8, 10, &o., and round these grooves a cord is 
assed, by wliich means they answer tlic purpose of so many 
istinct pulleys, evei-y jioint of which moving with the velocity of 
the string in coutact with it, the whole friction is removed to the 
two centres of motion of the blocks a and b : besides, it is of no 
small advantage, that the pulleys being all of one piece, there is 
no rnbbing one against the other. 

E. Do joa cafoolate the power gamed by this pulley in the 
same method as inth the common pnlleTS P 

F. Tes ; for pnlleys of every kind toe mle is general ; the ad- 
vantage gained is found by doubling the number of the pnlleys in 
the lower block : in that*^ before yon there are six grooves, which 
answer to as many distinct pulleys, and consequently the power 
gained is twelve, or one pound at F will balance twelve ponnda 
at w. 



CONVERSATION XIX. 

Of the IncUned Flane. 

F. We may now describe tiie inclined plan^ which is the fourth 
mechanicEd power. 
C. Ton will not be able^ I think, to reduce this also to the 

principle of the lever. 

F. No, it is a distinct principle, and some writers on these sub- 
jects reduce at once the six mechanical powers to two, vU. the 

lever and inclined plane. 

llow do you estimate the advantage gained by this me- 
chanical power? 

F, The method is very easy ; for just as much as the Icnc^th of 

the ])hine exceeds its perpendicular 
height so much is the advantage 
j;ained. Suppose a b is a plane stand- 
ing on the table, and cd another 

Elaae inclined to it ; if the length c i> 
e three times greater than the per- 
i pendieular height ; then the cvlinder E 
will be supported upon the plane C D, 
by a weight equal to a third part of its own weight. 

E. Could I then draw up a weight on such a ])lane with a third 
part of the strength that i must exert in lifting it up at the end 
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F. Ceartauily you might ; allowance, howeyer; must be made for 
overcoming the friction ; but then you perceive, as in other me- 
ehanieal powers, that fou will have three times the space to pass 

over, or that as you gain power you will lose time. 

C. Now I understand tne reason why sometimes there are two 
or three strong planks laid from the street to the ground-floor 
warehouses, making therewith an inclined plane, on which heavy 
packages are raised or lowered. 

F. The inchued plane is chiefly used for raising heavy weiglits 
to small heights ; for in warehouses situated in the u})per part of 
buildings, cranes and pulleys are better adapted for the purpose. 

C, I have sometimes amused myself by observing the differ- 
ence of tune which one marble has taken to roll down a smooth 
board, and another which has fidlen by its owngraviiy without any 
8Q|mort. 

P. And if it were a long plank, and you took care to let both 
marbles drop &om the hand^ at the same instants I dare say you 
found the difference very evident. 

C. I did ; and now jou have enabled me to account for it very 
satisfactorily, by shownig me that as much more time is spent in 
raising a body along an inclined plane, than in lifting it up at the 
end, as that plane is longer than its perpendicular height. Fur I 
take it for granted that the rule holds in the descent as well as in 
the ascent. 

F. If you have any doubt remaining, a few words wiU make 
everything clear. Suppose your marbles placed on a plane per- 
fectly honzonta], as on this table, they will remain al rest wherev^ 
they are placed: now if you elevated- the plane in such a manner 
that its hdght should be equal to half the length the plane, it 
is evident, from what has been shown before, that the marble 
would require a force equal to half their weight to sustain them 
in any particular position : suppose then the plane perpendicular 
to the table, the marbles will descend with their whole weight, for 
now the plane contributes in no respect to support them, conse- 
quently they would require a power equal to their whole weight 
to keep them from descending. 

C. And the SNviftness with which a body falls is to be estimated 
by the force with which it was acted upon P 

F, Certainly ; for you are now suihciently acquainted with philo- 
sophy to know that tne effect must be estimated from the cause. 
Suppose an mdmed plane is thirty-two feet long, and its pcn)en- 
dicmar height is sixteen feet, what time will a marble take in feUina; 
down the plane, and also in descending from the top to the earth 

the force of gravity P 

C. By the attraction of gravitation, a body falls sixteen feet in 
a second ; therefore the nuirble will be one second in falling perpen- 
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dioularlv to the ground ; and as the lengUi of the plane is double 
its heiffnt, the imirble must take two seconds to roU down it. 

F. I will try you with another example. If there be a idane64 
feet perpendiouJar height, and 3 times 64<, or 192 feet long, tell me 
what time a marble wiU take in falling to the earth by the attrac- 
tion of gravity; and how hmg. will it be in deaqoidiDg dowii the 
plane ? 

C. By the attraction of gravity it will fall in two seconds ; be- 
cause by inidtiplying the sixteen feet winch it falls in the first 
second by the square of two seconds (the time) or four, I get sixty- 
four, the height of the plane. But the plane being three times as 
long as it is j)erpendicularly high, it must be three times as many 
seconds in rolling' down the plane as it was in descending freely by 
the force of gravity, that is^ six seconds.* 

E, Tmy what common instouments are to be lefened to this 
mechanical power, in the same way as sdssors, pmcers, &c., are 
referred to tne lever. 

F. Chisels, hatchets, and whatever other sharp instruments which 
are chamfered, or sloped down to an edge one side only, may be 
referred to the principle of the inclined plane. 

The principle of the inclined plane is applied in the constniction 
of carriacrc-ways, for the conveyance of heavT loads up steep eleva- 
tions ; also in railways, &c. In crossing TVestminster bridge, or 
in passing Holbom hill, you may have frequently observed the plan 
adopted oy a carman to enable his horses to ascend when tneir 
load is unusually heavy ; instead of going directly forward^ he leads 
them gradually onward, b^ crossing the road from side to side : he 
increases the custanoe or tune, but ne is relieved from the-diflknlty 
cf ascent. 



CONVERSATION XX. 

Cfihe Wedge. 

F. The next mechanical power is the wedgCy which 
is made up of the two inclined planes d E P G and 
c E F G jomed together at their bases ^ e f g ; n c 
is the whole thickness of the wedge at its back AB C D, 
where the power is applied, and D 7 and o 7 are the 
length of its sides ; now there will be an^nilibriimi 
between tiie powrar impeUmg the wedse downward, 
rig. ». and the resistance of the wood or other substance 

«'In wliat In rImy* tanfbt, no aotlm fa takni vT the Hiflpot of roAiflM vpea b«4lM 4^ 

Bcending' nlutir no inclined pinne. Conaidrrnble ▼nHetifn occur lu the thm<f% of actual 
descent, in bodips of diff'-rt-iit ohnpe, ns cylindrrfc nnd split- rf s ; and aceordinir as they are 
solid or hollow. This is ^i-i i n tc ivgiinar t('i)i<' of ihcoreticnl inquiry, but too intricnte for 
prrspieuous ezplicntion in a popular work like ours. Thr inquisitive render may coasttU 
th« BOft MiflBtlAe treattaes «■ MeehMlee, raota w thoM «f On^rjr and Bridge. 
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acting against its sides, when the thickness B c of the wedge is to 
the length of the two sides, or, which is the same thing, when 
half the thickness d e of the wedge at its back is to the length 
of D p one of its sides, as the power is to the resistance. 

C. This is the principle of the inclined plane. 

F. It is, and notwithstanding all the disputes which the methods 
of calculating the advautjige giuned by the wedge have occasioned, 
I see no reason to depart from the opinion of those who consider 
the wed^e as a double inclined j)lane. 

E. I have seen people cleaving wood with wedges, but they 
seem to have no effect, unless great force and great velocity are 
also used. 

1*. Mo ; the power of the attmction of ec^iesioii, by which the 
parts of wood stick together, is so great as to require a considerable 
mmenium to separate them. Did you ohsenre nothing else in the 

operation worthy your attention ? 

C. Yes, I also took notice that the wood genenDj split a little 

below the place to which the wedge reached. 

F. This happens in cleaving most kinds of wood, and then the 
advantage gamed by this mecnanical power must be in propM^rtion 
as the length of the sides of the cleft in the wood is greater than 
the length of the whole back of the wedge. There are otlier varieties 
in the action of the wedge ; but, at present, it is not necessary to 
refer to them. 

Since you said that all instruments which sloped off on one 
side only were to be explained by the principle of the inclined 
I^e ; so, I suppose, that l^ose wnidi decline to an edge on both 
sides must be raerred to the principle of the wedjge. 

F, They must ; which is the case with many chisels, and almost 
all sorts of axes, nails^ bayonets^ ftc. ; the teeth of animals act also 
as wedges. A saw is a series of wedges^ on which the motion 
impressed is oblique to the resistance. 

C. Is the wedge much used as a mechanical power ? 

F. It is of great importance in a vast variety of cases, in which 
the other mechanical powers are of no avail ; and this arises from 
the momentum of the blow, which is greater, beyond comparison, 
than the application of any dead weight or pressure, such as is 
employed in the other mechanical powers. Hence it is used in 
sphtting wood, rocks, &c., and even the lar^t ship may be raised 
to a snuul height by driving a wecb[e below it. 
Has it been applied to any otner purposes? 

J*. It is used for raising the beams of a house, when the floor 

es way, by reason of t^ great a burden having been laid upon 
Qiem. 

It is nsnal also in sepanting large millstones from the siHceons 
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sand-rocks, in some parts of Derbyshire, to bore horizontal holes 
under them in a circle, and fill these with pegs or wedges made of 
dry wood, which gradually swell by the moisture of the earth, and 
in a day or two Im up the miUBtoDje withant Ineaking it ; to this 
practioe Br. Darwin alludes 

Climb the rude ttept, the granite elillli milTOUBd, 
PiOTM with stMl polBtiv with woodtB •mdj^ wooai. 

The principle of the wedge is called into action by almost every 
mechanic, and in a thousand instances in which the reason of the 
thinp^ is not even thought of. To mention a single instance; 
))nilders, in raising their scaffolds, always tighten the ropes round 
their scaffokling poles by means of wedges driven between the 
cords and the poles. 



CONVERSATION XXL 

Of tlie Screw. 

F. Let us now ezamuie the properties of the sixth and last me* 
ehanical power, the mrew ; wliici^ however, eannot be called a 
simple mechanical power, since it is never used without the as- 
sistance of a lever or winch ; by which it becomes a compound 
engine, and it is of great power in pressing bodies together, or in 
raising great weights. is the representation of one« together 
with uie lever d r . 




Fir- 80. 

E. You said just now, papa, that all the mechanical powers were 
reducible either to the lever or inclined plane ; how can the screw 
be referred to either P 
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F, The screw is composed of two parts^ one of which, a b, is 
calied the screw, and oonabts of a spiral protuberance, called the 
ikreadt which maybe supposed to be wrapped round a cylinder ; tlie 
other part, c e, called tlic is perlonited to the dimensions of 
the cylinder ; and in the internal cavity is also a spiral groove 
adapted to receive the thread. Now, if you cut a slip of writinjg 
pajicr in the form of an inclined plane a b c, and then wrap it 
round a cylinder of wood, dy you will lind that it makes a spiral 
answering to the spiral j)art of the screw ; moreover, if you con- 
sider the ascent of the screw, it will be evident that it is precisely 
the ascent an inclined plane. 

C, By what means do you calculate the advantage gained by the . 
screw? 

F. There are, at first sight, evidently two things to be taken into 
eonsideration : the first is the distance between the threads of the 

screw ; and the second is the length of the lever. 

C. Now I comprehend pretty clearly how it is an incHncd plane, 
and that its n scent is more or less easy as the threads of the spiral 
are nearer or farther distant from each other. 

F. Well, then, let me examine, by a question, whether your 
conceptions be Jiecuratc : suppose two screws, the circumferences 
of whose cylinders are equal to one another ; but in one the dis- 
tance of the tlireads to be an inch apart, and that of the threads of 
the other only one third of an inch ; what will be the difference of 
the advantage gained by one of the screws over the other ? 

^. The one whoee threads are three times nearer than those of 
the other, miist^ I shoidd think, give three times the most 
advanta^. 

F. Give me the reason for what you assert. 

C. Ikeause, from the principle of the inclined plane, I learnt 
that if the heifki q£ two planes were the same, but the length of 
one twice, thnce, or four times greater than that of the other, the 
mechanical advantage gained by the longer plane would be two, or 
three, or four times more than that gained oy the other. Now, ui 
the present case, the height gained in both screws is the same, one 
inch, but the space passed in that, three of whose threads go to 
an inch, must be three times as great as the space ptiased in the 
other ; therefore, as s])ace is passed, or time lost, just in propor- 
tion to the advantage gained, 1 infer that thi'ce times more advan- 
tage is gained by the screw, the threads of which are one-third of 
an inch apart, than bj that whose threads are an inch i^Mirt. 
- Your inference is just, and naturally fclbws ficom an accu- 
rate knowledge of the principle of the inclined pbne. But we 
have said notmng about the lever. 

(7. Thisseemshardlynccessary, it being so obvious to any one. 
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who will think a moment, that power is framed hy tliat, as inleTers 
of the first kiud, aorording to the length f d from the nut. 

F. Let 113 now calculate the advantage gained by a screw, the 
threads of which are half an mch distant from one another^ and 
the lever 7 feet long. 

C, 1 1 hink you once told me, that if the radius of a circle were 
given, in order to find the circumference 1 must multiply the 
radius by 6. 

I did; for tliough thai is not qpite enough, yet it will answer 
att oommon purposes, till you ace a fittle nM»e expert in the nse of 
decimals. 

C. Well, then, the circumference of the circle made by the 
revolution of the lever will be 7 feet, multiplied by 6, which is 4d 
feetj or 604 inches ; but, daring this leTolatkni, tne screw is only 

raised half an inch, therefore the space passed bv the moving 
power will be 1008 times greater than that gone through by the 
weiglit ; consemiently the fiiSvantage gauicd is 1008, or one pound 
applied to the lever will bdance 1008 pounds acting against the 
screw. 

F. You perceive that it follows as a corollary from what you 
have been saying, that there are two methods by which you may 
increase the mechanical advantage of the screw. 

C, I do ; it may be done either by taking a long lever, or by 
diminifthing the'distanoe of the threads of t& screw. 

JP. Tell me the result then, supposing the threads of the screw 
so fine as to stanui at the distance of hut one quarter of an inch 
asnnder, and that the length of the lever were 8 instead of 7. 

C. The circiunferenoe of the circle made by the lever will be 8 
multiplied by 6, equal to 48 feet, or 576 inches, or 2304 quarter 
inches ; and as the elevation of the screw is but one quarter of an 
inch, the space passed by the power will, therefore, be 230 1 times 
greater than that passeid by the weight, which is the advantage 
gained in this instance. 

F. A child, then, capable of moving the lever sufficiently to 
overcome the friction, with the addition of a power equal to one 
pound, will be able to raise 2304 pounds, or something more than 
20 hundred weight and a half. The strength of a powerful man 
would be able to do 20 or 30 times as much more. 

(7. But I haye seen at Mr. Wihnofs paper-mills, to which I 
onoe went, six or eight men nse all then: strength m tuning a 
screw, in order to press out the water of the newly made paper. 
The power applied in that case must have been very ^eat indeed; 

F. It was ; but I dare say yon are aware that it cannot be 
estimated by multiplying the power of one man by the number of 
men employed. 
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C, That 18, because the men standinff hj the side of one another, 
the lever is shorter to every man the nearer he stands to the 
screw, consequently, tliouf^h he may exert tlic same strength, yet 
it is not so effectual in niovini^ the machine, as the exertion of 
him wlio stands nearer to the extremity of the lever. 

F. The true method, therefore, of calculating: the power of this 
machine, aided hy the streueth of these men would be to estimate 
accurately the i)ower of eacn man according to his position, and 
then to add ail these separate advantages together for the total 
power gained. 

S, A machine of this kind is^ I believe, nsed by bookbinders, to 
pfesa the leaves of the books togelh^ bedfore they are stitdied. 

^ F. Yes, it is found in eveiy bookbinder's workshop, and is par- 
ticularly useful where persons are desirous of having small books 
ledocea to a still smaller mid for the pocket. It is also the prm- 
cipal machine used for coining money, for taking off copperplate 
prints, and for printing in frenoral. 

C, I remember Dr. Darwin's desciiptiou of coining. 

with Iron lipa his rapid roUers seixe 
Th« Icofctb'uing bnra, ia thin •sp«ii»ion squeeze; 
Dvseendiugr serewt with fmutnu* flj>«rhe«U %roan4 
Th«> tKwuy plates, th« nmw mcdaHioa* round } 
Hnrd dira of steel the cupraons elrcls* mwnipt 
Aud with ^oiek full his mMBjr hammers itanp, 
Tht Harp, tk* Uly, trad th« Lion join, _ _ 

And Obomb mad BanrAin 9«wd tha •tmrlisf coIb. BoTAMie GMtMaf . 

jP. These lines are descriptive of Mt. Boulton's magnificent 
apparatus for coming ; the vmole machineir is worked by an im- 
proved steam-engine, which roUs tiie copper for halfpence, works the 
screw presses for cutting out the circnlar pieces of copper, and corns 
both tne faces and edges of the money at the same tune; and since 
the drcolation of the new coinage, we are all aequainted with the 
superior excellence of the workmanship. By this machinery, four 
boys, ten or twelve years old, are capable of striking 80,000 
sovereigns in an liour, and the machine itself keeps an unerrii^ 
account of the number of pieces struck. A higher treat an inqm- 
sitive youth cannot have than that of witnessin? the process of 
coining, as it is earned on at the Mint, Tuwt-r hill. 

F. And I have seen the cider-press in Kent, which consists of 
the same kind of machine. 

F. It would, my dear, be an afanost endless task, were we to 
attempt to ennm^ate all the pnrposes to which the screw is ap- 
plied m tiie mechanical arts oi life; it will perhaps, be sufficient 
to tell yon, that wherever great pressure is requied^ there the 
power of the screw is nnifonnly employed. 

Perhaps the most extraordinary application of the screw is in 
mowiff kam$. In America this has been often done : a frame of 
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timber is passed under a house— actnaUj a hrick house, and is 
well secured ; a timber road is prepared for the house to travel 
along, and it is pressed onwara by the applieation of screws': 
we are even told that houses haye been moYod in this \nj while 
the family were in them. 



CONVERSATION XXIL 
0/ ike Femhthm. 

C. Since you last allowed us to converse with you, my dear 
papa, 1 have had an opportunity of examining a powerful crane, 
ana other pieces of machinery ; and I perceived that they are only 
levers, and pulleys, and wheel-and-axles, with here and there, per- 
haps, a screw, or an inclined plane judiciously disposed; but pray, 
papa, what are we to do in our classifications, if we examine a 
dock ? We have tried rcpeatctUjr upon the clock which stands 
upon the landing of the kitchen stairs. We find wheeb and axles, 
levers, screws, pulleys, &c., but neither of us know what to call 
the pendulum. Is it a mechanical power ; and, if so, why have 
you not included it in your classification ? 

F. The pendulum is not called a mechanical power, because it 
does not confer any mechanical advantage. It senses as a refjfu- 
lator of motions by means of the force of gravity, but itself requires 
a distinct power, called " a maintaining power," to keep it from 
subsiding nito rest. 

C, I perceive that the length of the pendulum has something 
to do witii the time of its vfbwtioiL; n>r^ the pendulum of tilie 
diamber dodk, which stands upon the drawins^room mantel-piece, 
is much shorter than that of the kitchen dock; and I observe 
f that it performs its vibrations in much less time. Are the laws (tf 
the pendulum simple enough for my sister and me to compre- 
hena them ? 

F. With your usual attention, my dear children, I doubt not 
that you will find the laws of pendulums quite within your compre- 
hension. The most important arc these : — I. The times of vibra- 
tion of the same pendulum in very small ares are all ccjual. 2. The 
velocity of the bob in the lowest point will be as the length of 
the chord of the arc, which it describes in its descent. 3. The 
times of vibrations of different pendulums, in similar arcs, are 
proportional to the square roots of their respective lengths. 
4. Hence tlie lengths of pendulums are as the squares of the 
times of vibration. 5. In tJie latitude of London, a simple pen- 
dulum, that is, a thread with a email ball at its end, will 
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vibrate once in a second in a small arc, if its length be 39 inches 
and a fifth. There are many other curious properties, but perhaps 
these will be suilicient for your present pu]^)08e. 

E, More, I fear, than I shall remember jmst yet; but, with dear 
Ghazles'a land aasiataiioe, I hope I ahall ranDonnt all difknltiea 
in due time. Let me tiy; ana let CShailea set me right, if you 
please, papa. 

A pendulimi which vibrates seconds is 39i inches in length, and 
the lengths are as the square roots of the times: therefore, length 

of a half-second pendulum is . Now I cannot succeed. I 

must refer to you, Charles, for I suspect it requires a knowledge 

of fractions. 

C. It docs, Emma. The square of i is J ; that is, the square 
of 2 in the denominator is 4 in the denominator. Do you under- 
stand that ? 

E. Yes, Charles. 

C. Wei], then : a fourth of 39i is 9 inches and \y which is the 
length of a half-second pendulum — am I right, papa ? 

Jr. Perfectly. Upon the same princij)les you can, I suppose, 
tell the length of a pendulum to rilnnite in quarters of a second. 

C» Tes ; it is only to take the quarter of the last number, or 
the 16th part of the original lengtn of the second's pendulum: 
thus \ve obtain 2 inches and || for the length of the quarter-seoona 
pendulum. 

E, I now see why the pendulum of the little chamber clock is 
shorter than that of tbe kitchen clock; and T think I can tell the 
length of a two-second and of a three-second jjeudidum. Let me 
try ; and do not you interrupt me, Charles, unless I make a mis- 
take. The square of 2 is 4, so that the two-second j)endulum 
is 4 times the length of the second pendulum ; and for the same 
reason, because the square of 3 is 9, the three-second pendulum 
is 9 times the length of that which vibrates once in a second; and 
so on for other numbers. I think we may now quit this subject \ 
what say you, Charles P 
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CONVEBSATION 1. 

OF THE FIXED STARS. 

Tutor-^Ckarlei — James. 

Charles. How brilliant the stars are this evening. 

James. Th(;j are ; and the longer I keep m\ eyes fixed upwards, 
the more stars there seem : how is it possible to number these 
stars? and yet I have heard that they are numbered, and even 
arranged in catalogues according to meir apparent magnitode. 
Pr^, sir, explain to ns how this is done. , 

ftUor, This I will do, with pleasure, on some fdtore day ; but 
at present I must tell you, that in vieNvin^ the heavens with the 
naked eye, we are very much deceived in the number of stars that 
are visible. It is gmerallj admitted, and on good authority too, 
that there are never more than one tiiousaud stars visible to the 
naked eye at any one time. 

J. TVnat ! ean I see no more than a thousand stars if I look all 
round the heavens ? I should suppose there were millions. 

T. This number is certainly the limit ; and that whicli leads you 
to conjecture the number is so mucli larger is an optical deception. 

J. i\j'e we frequently liable to be deceived by our senses ? 

T, We are, if we depend on them singly; but where we have an 
opportunity of calling m the experience of one sense to the aid of 
another, we are seldom subject to this inconvenience. 

C, Do you not know, tnat if you place a small marble in the 
palm of the left hand, and then cross the second finger of the right 
hand over the first ; and in that position, with your ^es shut, 
move the marble with those two parts of the two fingers at ouce, 
which are not accustomed to come into contact with any object at 
tlie same time, that the one marble will appear to Ihe toucli as two? 
In this instance, without the assistance of our eyes, we should be 
deceived by the sense of feeling. 

T. This is to the point, and shows that the jud^^iicnt, formed 
by means of a single sense, is not always to be depended upon. 

/. I recollect the experiment very well \ we haa it from papa, a 
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great while a^o. But that has uotliiug to do with our false esti- 
mate about the number of stars. 

T. Not exactly ; but it is a good ilhistration of tlic necessity, at 
times, of calliDg iu the evidence of more senses than one in cases of 
doubt. 

(7. I flhonld indeed liare tbomght with my brother that there 
were more than a thousand, had you not asserted tiie contrary ; 
and I am amdons to know how it ni^pens tiwt I am so deoeiyed* 
Ton are not so mnch deoeiyed as you are ha^ty ; look at any 
small portion of the heayens, and count the stars in it ; then make 
a rude ^ess at the number of such portions there are in the whole, 
and a simple multiplication will show yon that the number is not 
nearly so large as you imagine. 

C. But I hud it difficult to count ; t he stars dazzle me. 

T. Yes ; and this helps to deceive you at first ; lor the rays from 
each star get confused as they enter your eye, and you are apt to 
think that you see many more than there really are. 

C. I should like to see this illustrated. 

T, Bring mc your multiplying glass ; look through it at the 
dandle: how many do yon see P or rather, how many candles 
should yon suppose there were, did yon not know that there was 
bnt one on the table P 

/• A great many ; and a pretty sight it is. 

C, Let me see ; yes, there are^— bnt I can easily oonnt tiiem; 
there are sixteen. 

T, There will be just as many images of t he candle, or any other 
object at which you look, as there are diflerent surffices on your 
glass; even instead of 16 there had been GO, or 000, then the sin- 
gle candle would have given you the idea of 60 or 600. What 
think you now about the stars ? 

J. 1 can no longer doubt but that a thousand real luminaries 
may have the power of exciting iu mv mind the idea of millions ; 
but by looking carefully I get rid of this false idea. 

T. 1 will mention another experiment for the next dear star- 
light night. Get a longnarrow tnbe, the longer and narrower tiie 
better, examine thronsh it any one of the largest fixed stars, whid^ 
are called stars of the fint magnitude, and you will find that^ 
though the tube takes in aa much sky as woold contain many such 
stars, yet that the sing^ one at which you are looking is scarcely 
visible, by the few rays which come direct Ij/ from it : this is proof 
that the orillianey of the heavens is much more owing to reflected 
and refracted lif^ht, than to the direct rays flowing from the stars; 
I will explain these terms when we talk upon Optics. 
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C. Another beautifulevemiig! shall we take the advantage which 
it offers of going on with our astronomical lectures P 

T. I have no dbjeotion, for we do not always enjoy such oppor- 

tunities as this. 

/. T wisli very much to know how to distinguish the stars^ and 
to be able to call them by their proper names. 

T. Tliis you may very soon learn ; a few evenings well improved 
will enable you to distinp^iiish all the stars of the first mas^nitude 
which are visible, and all the relative positions of the diiTerent 
constellations. 

/. What are oonsteDations, sir? 

The ancients, tiiat ihev mi^ht the better distinguish and 
describe tbe stars, divided them mto constellations, that is, sys- 
tems of stars, each i^stem consisting of such stars as were near to 
each other ; they gave them the names of such men or things as 
they fancied the space which they occupied in the heavens repre- 
sented. 

C. Is it then perfectly arbitrary, that one collection is called the 
Great Bear^ another the Dragon ; a third Hercules, and so on ? 

T. It is ; and thoiic:h tliore have been additions to the number 
of stars in each coustcllatiou, and various new constellations in- 
vented by modern astronomers, yet the original division of the 
stars into these collections was one of those few arbitraiy in- 
ventions which have descended without alteration, otherwise than 
by addition, from the days of Ptolemy down to the present tune. 
Po you know how to find the four cardinal points,' as they are 
usually called, the North, South, West, and East. 

/. 0 yes; I know that if I look at the sun at twelve o'dock at 
noon, I am looking[ to the south ; my back is toward the north ; 
the west is on my right hand, and the east is on my left. 

T. But you must learn to find these jioints without the assist- 
ance of the sun, if you to be a young astronomer. 

C. I have often lieard of the North-pole star ; that will perhaps 
answer the purpose of the sun when he has left us. 

T. You arc right : do you see those seven stars which are in the 
constellation of the Great Bear — some peo[)le have supposed 
their position will aptly represent a jplough ; others say, that they 
are more like a wagg<M and kones: — ^the four stars rqxresenting 
the body of tiie waggon, and the other three the horses, and hence 
they are cidled by some the plough, and by others they are called 
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Gh8i4e8*8 mm or waggon. There 
is a drawing of it; a b Sffmpteaeskt 
the four stois, and 0 # B the other 

tlirec. 

C. TMiat is the star p ? 
T. That rcprcseuts tlio polar star 
to which you just now alhuicd ; and 

you obsen e, thai if a line were drawn . f ^« 




through the stars b and a, and pro- -Jf/^ \^ 

duced far enough, it would nearly ' ^jml ^ 

touch it. / ^ 



/. Let me look at the heavens for / 
it by this eidde. There it is, I sap- V 
pose; it diines with a steadj and a 
rather a dead kind of light, and it ^9- 
appears to mc that it would be a little to the light of the line, 
passing through the stan b and a, 

T. It woula : now these stars are generally known by the name 
of the pointers, because they point to the nortli pole, which is situ- 
ated a little more than two degrees from tlic star r. 

C. Is that star always in the same part of the heavens ? 

T. Nearly so : it describes so very small a eirelc round the pole, 
that it may be almost regarded iis lixed ; and the rest of the starry 
vault h;is an apparent motion round this star. 

/. I now understand that if 1 look to the north, by standing 
with my face to that star, the south is at my hack, on my right 
hand is the east, and tiie west on my left. 

T, Just so; and we can make use of these stan as a kind of 
standard, in order to discover the rdative positions of others. 

C. In what way must we proceed P 

T. Conceive a line drawn from the star z (Fig. 1) leaving b 
a little to the left, and it will pass through that very brilliant star 

▲ near the horizon towards tlic west. 

/. I see the star, but how am I to know its name ? 

T. Look on the celestial globe for the star r, and suppose the 
line drawn on the globe, as we conceived it done in the iieavens, 
and vou will find the star and its name. 

C. Here it is; — its name is Arcturus. 

T. Take the figure (Pig. 1) and place Arcturus at a, which is 
ita rektive position, in respect to the constellation of the Great 
Bear. Now if vou conceive a line drawn through the stars ^ and 
b, and extended a good way to the right, it wiU pass just above 
another very brilliant star. Examine the globe as oefore and find 
its name. 

C. It is Capella^ the ^oai. 
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T, Now whenever you see any of i%E|8e^ ^Ur^ you will kxiow 
where to look for the others withoiit jbf^ ^ 

But do they never moye from tneir places P . , , ^ 

T. With respect to ns thw seem to move together with the 
whole heavens. But they always remain in the. sasic relative 
position, with res[)cet to each other. Hence they are called^i0<j 
stars, in opposition to the plaurfs, which, like our earth, are conti- 
nually clianp^in^ their places, both with regard to the fixed i^tacs 

and to tlicmselv(*s also. 

C. 1 now nnclerstand jiretty well the method of ac^uirijjg ,a 
knowk'(lji:e of the names and jilaces of the stars. 

2\ And with this we will put an end to our present Conversation. 



CONVERSATION IH 

0/ the Fixed Stars, and Eclipiic. 

T. 1 dare say that you will now have no difficulty in finding th(9 

north polar star. 

/. No ; not unless that and the other stars have not oheuaged 
their places. 

T. Thev always keep the same position with respect to each 
other, ihouuli their situation, with regard to tlie lieavcns, wdll be 
diirereiil at dillerent seasons of the year, and in diHerent hours of 
the night. liCt us go into the garden. ■ .. 

C. The stars arc all in the same places as we^left them liKsi 
evening. Now, sir, if ^e^ etnieeM » s^l^t ; tbroiigli 
the two stars in the Bear, wMch mwmedi d and to ex- 
tend a good way down, St will pass or nearly pass through a very 
bright star, thon^ not so brignt as Jreturus or Capellaj what is 
that called P 

T. It is a star of the second magnitude, and if you refer to the 
celestial globe, you will find it is called Eeguliu or Cor Leonii, the 

JAofCs Heart. 

C. But have all the stars names : or how are they specitied ? 

T. If von look on the i^lobe, you will observe that they are dis- 
tinguished by the different letters of the Greek al))hal)('l ; and in 
those constellations, in which there are stars of dill'cJent apparent 
magnitudes, the largest is a alpha, the next in size /3 beta, the 
third y gamma, the K>nrth i deltl^ and so on. 

/. Is there any particnlar reason for this P 

'21 Hie adoption of the characters of the Greek alphabet, rather 
than any other, was perfectly arbitrarv ; it is, however, df 
importance, that the same characters should be used |a g9D4nl 
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astronomers of all countries, for bv this means tlie science is in 
possession of a sort of universal language. 
C. Will you explain how this is? 

T. Suppose an astronomer in North America, Asia, or any other 
part of the earth, observe a comet in that part of the heavens 
where the constellation of the Great Bearh situated, and he wishes 
to describe it to his friend in Great Britain, in order that he may 
know whether it was seen by the inhalntaats of this iaUmd. For 
this purpose he has only to mention tiie time when he disoomed 
it ; its position^ as nearest to some one of the sAtas, calling it by 
the Greek letted by which it is desisnated ; and the course which 
it took trom one star towards anotner. Thus he might say, that 
on snch a time he saw a comet near S in the Great Bear, aim that 
its course was directed from ^ to /3, or any other, as it happens. 

C. Then if liis friend here had seen a comet at the same time, 
he would, by this means^ know whether it was the same or a dif- 
ferent comet ? 

T. Certainly ; and lience you perceive of what importance it is, 
that astronomers in dillerent countries should a^TC to mark the 
same star.s and systems of stars by the same characters. But to 
return to that star to which you just called my attention, the Co/- 
Leoni'i ; it is not only a remarkable star, but its position is aL»o 
remarkable ; it is situated in the ecliptic, 

/. Whatistiiat^sir? 

T, The edifiie is an imaginary great circle in the heavens, whieh 
tiie snn anpean to describe in tne course of a ^ear. If yon look 
(m the celestial ^obe, you will see it marked with a red Iuiq. 

/. But the son seems to hare a circalar motion in the heavens 
every day ? 

T. It docs ; and this is called its apparent dmntal^ or daily 
motion, which is very different from the path it appears to traverse 
in the course of a year. The diumal path is manifest to the most 
careless observer ; but the annual path requires some thought to 
trace it out. 

C. And what is the (/ree?f line which crosses it? 

T. It is called the equinoctial. If you can conceive the plane of 
the terrestrial equator to be ])roducea to the sphere of tne fixed 
stars, it would mark out this circle in the heavens, which would 
cut the ecliptic in two parts ; and one of these would make an 
an^e with the other of about 231 degrees. 

Can we trace the cude of tne^/^p^ in the heavensP 

T, It may be done with tolerable accoracy bv two methods : FM^ 
by obsming several remarkable fixed stars, to which the moon in 
its coarse seems to approach ; the Hcomd method is by obsenrmg 
the places of the planets. 
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Is the moon {hen alwa^ In the ecliptic P 

T. Not ezacdj so ; but it is alwftys either in the ediptic, or 
within five degrees and a third of it on one side or the other. The 
principal planets also, hy ^vlLich I mean Mercury, Yenos, Mars^ 
Jupiter, iMttum, and Herschel, are never more than eig^t degrees 
distant from the line of the ecliptic. 

/. How can we trace this line, by help of the fixed stars ? 

T. By comparing the stars in the heavens ^v^tll their representa- 
tives on the artilicial globe. I will incntion to you the names of 
those stars, and yon may first find them on the £^lobe and then re- 
fer to as many ot them as are now visible in the heavens. The first 
is in the Barn's horn, a Arietis, about ten degrees to the ?iorth of 
the ecliptic ; the second is the star Aldebaran in the BulTs eye, 
six degrees south of the ecliptic. 

C. Then if at any time 1 see these two stars, I know that the 
ecliotic runs between them, and nearer .to Aldebaran, than to that 
in the Barn's horn. 

T. Yes: now cBiTj your eye eastward to a distanoe somewhat 
greater from Aldebaran than that is east of a Arietis, and you 
will perceive two bright stars at a small distance from one another, 
called Casfar hndr-Fwrn ; the lower one, and that which is least 
brilliant, is Pollux^ seven degrees on the north side of the ecliptic. 
Following the same track, you will come to Begulm, or Cor Leonis, 
which, I have already observed, is exactly in the line of the ecliptic. 
Beyonfl this, and only two degrees south of that line, you will find 
the beautiful stju* in the virgin's hand, called Spica ri/v/inis. You 
then arrive at Autares, or the Scorpion s Hearty five degrees on the 
same side of the cch])tic. Afterwards you will iind a Aquileey 
which is situate nearly thirty degrees north of the ecliptic; and 
farther on is the star Fomalhaut in the fish's mouth, about as 
many degrees south of that line. The ninth and last of these 
stars is JPyatus, in the wing of the flying horse, which is north of 
the ecliptic nearly twmil^ degrees. 

/. Upon what account are these nine stars particularly noticed P 

T* Thev are selected as the most conspicuous stars near the 
moon's orbit, and are considered as proper stations, from which 
the moon's distance is calculated for every three hours of time % 
and hence are constructed those tables in the * Nautical Almanac,' 
by means of which navigators, in their most distant voyages, are 
enabled to estimate, on the trackless ocean, the particular part of 
the globe on wliich they are. 

a What do you mean by the 'Nautical Almanac ? ' 

T. It is a knul of National Almanac, intended chieflv for the 
Itee of seamen, it was begmiin the vear 1707, by Dr. Mixskelyne, 
the Astronomer lloyal ; and is published several" years in advance 
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for the conyemenoe of ships soing out upon long Toyages. This 
work has been found eminently important in the course (k voyages 
roond the world ; and indeed it is so highly useful to all who are 
engaged in navigation, that mariners always regard it as an indis* 
p^sable companion, except in mm ooastmg voyages. 



CONVERSATION IV. 

C. Your scoond luctliod of tracing the ecliptic was by means of 
the position of the planets : you explain that now ? 

T. I will; and, to render you perfectly qiialilied for obser^anp^ 
the stars, I will explain the use of White's E})heineris, a little 
book which is published annually, and which is a necessary coi^i- 
panion to every young astronomer. 

/. Must we understand all this to study the stars ? 

T, You must ; or some other book ot the same kind, if you 
would proceed on a rational plan. Besides, when von know the 
use of this book, which yon will completelj with hau an hour's at- 
tention, you have nothing more to do in order to find the positicm 
of the planets at any day of the year, than to turn to that day in 
the Ephemeris, and you will instantly be directed to those parts of 
the heavens in which the different pLanets . are situated. Turn to 
the second page. 

C. Here the astronomical characters arc explained. 

T. The first twelve arc the representatives of the signs into 
wliich the circle of the ecliptic is aivided« called aLbo the twelve 
signs of the Zodiac, 

T Aries. ^ Leo. J: Sagittarius. 

Q Taunts . Vi)^ Virgo. Vf Capricomus. 

n Gemini. £b Libra. xc:: Aquarius. 

S Cancer. Scorpio. K Pisces. 

In astronomical inquiries every.drde is supposed to be divided 
into 360 parts, called d^prees, and since that of the ecliptic is jdso 
divided into 12 signs, each sign must contain 30 degrees. Astro- 
nomers subdivide each degree into 00 parts, called mmuies, and 
each mintite into 60 seconds; thus, if I would express an angle of 
25 degrees, 11 minutes, and 45 seconds, I should write 25°. . .11' 
. . .45". Or, if I would express the situation of the sun for the 
1st of Januarv, 1822, I look into the Ephcmeris and iind it in 
Capricorn, orVf 1 0". . .35'. . .48". 

/. What do you mean by the Zodiac ? 
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T. It is an ima:'inarv broad circle or belt suiTOundinc: the 
licavcns, about sixteen degrees wide ; aloug the middle of which 
runs the ecliptic. The tenn Zodiac is derived from a Greek word 
signifying an animal, because each of the twelve sagoa fonnerly re- 
presentea some animal ; that whidi we now call linra being by the 
ancients reckoned a part of Scorpio. As it wiU be useful for you 
to have the names ot the twelve signs in your memory, as weU as 
the order in wliicli they stand, I wul repeat some lines written by 
Dr. Watts, which will be easily lememoered: 

Thp Rim, the H>il/, the h^nvtnly Twiiu, 
AttA next the Vrn,'> thi- Lion ahiltCtt 

Th»* Viryiwaud the Scaiet: 
The Scorpton, Archer, and 8eB-C^<, 
Tll« Jf«ii tbni Uoldl th« vaUrino-f^t^ 

Aad FM with rHtteriop tails. 

C, We come now io the characters placed before the planets. 

T. These, like the former, are but a kind ot short-hand charac- 
ters, which it is esieenied easier to write than the names of the 
planets at leuglh. They arc as follow : 

H r Herachel, or © The Earth. ^ Ceres ^ 

^ L Uranus. 0 The Sun. ^ Pallas 

^ Saturn. Q Venus. Juno ) P^'^^^^^ 

% Jupiter. 5 Mercuiy. H Vesta [^^ 

$ Mars. D The Moon. J 

To these we must now add Aslraa, a small planet discovered 
December 8th, 1846, by Mr. Henckc of Dresden; examined De- 
cember 14th, by Mr. Eneke of Berlin, who calculated its elements, 
and to whom Mr. Henckc conceded the honour of naming it. 

/. Have we no concern with the intermediate pages between 
the second and eighth ? 

They do not contain anythinj^ that requires particular ex- 

Slanation. In the eighth page, after the common almanac for 
anuary, the first columns point out the exact time of the sun's 
rising and setting at London : thus on the 10th day of Jamiaiy he 
rises at 58 minutes after 7 in the morning, and sets at 8 minutes 
past 4 in the afternoon. The thud column gives the dedimfUm 
of the smi. 

/. What is that, sir ? 

T. The declbmtion of the sun, or of any hearenlv hodv, is its 
distance from the imapnary circle in the heavens, called tne equi- 
noctial. Tims you obscr\-e that the sun's declination on the 1st 
of January is 23° 3' south ; or it is so many dei^rees south of the 
imaginary ^^2^<z/(>r. Turn to March 1822, and you will see that 
between the 20th and 22 st days it is in the equator, for at twelfc 
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o'clock at noon on the SOili it is only IT/ south, and at the s^aine 
hour on the 21st it is S' north of that line^ and ivhen it is in the 
equator, then it has no declination. 

C. Do astronomers always reckon from 12 o'clock at noon? 

T. Thcv do; and hence the astronomical day hccrins ]2 hours 
luter than the day according to common reckoniug; and therefore 
the declination, longitude, latitude, &c., of the sun, moon, and 
planets, are always put down for 12 o'dodc at noon ii the to 
^nHbidi they are opposite. Thus the sun's dedination for the 1 7th 
of JanuaiY at 12 o^dock is %(f 48' south. 

(7. Is that heeause it is the commencement of the astronomical 
day, though in common life it he ealled 12 o'do(^? 

T. It is. The three next columns oontain the moon's deeUnft" 
tion, the time of her rising and setting, and the time of her iomikmg^ 
or when she comes to the meridian or south part of the heavens. 

C, Docs slie not come to the south at noon as well as the sim? 

T. No ; the moon never comes to the incritUan at the same time 
as the snn, except at the time of nnr inoou. And this circum- 
stance takes place, nearly, at every new moon, as you may sec by 
casting your eye down the several columns in the iiphemeris 
which relate to the moon's southing. 

The glorv, the changes, and the motion of the moon are beauti- 
fully descritcd in the lollowing lines 

Bt thf ooniaiuid tha Moon, m dojiif ht Ikdin, 
LiflaMr brood olrolo In Uw doc^mio^ iliodooi 

Arrajr'd io r^ory, ond catbfOBM la lig;ht. 

She breaks the ftolemn terrors of the uigpht; 

Swectlsr inconstnut iu ht-r vntN ing- flame, 

8he chittifr*** ttill, nnotbfr, jct thf Biirne! 

Now it) dfcreii«i», by alow degpreea she shrOSAi 

Her fading luitirf m r veil of clouds; 

Nuwr of iticrenae )hm ^ntli'iing' benins di^lOJT 

A binte of lirht, itnd f^ive a pnler dajr ; 

Ten tbouBnod stars adoru her fclitt'riD^ trotn, 

FaU when aho folio, aud rise with her a|faiiti 

Aud o'er the dooorto of the ikr uufuld 

Tlielr borolair oooay loo of ■iooioal ifold ; 

Throofh tko wloo hoao'ao oho ibotoo ufutXj bright, 

Qoooa of Cho faj attoadaato of the nf ght ) 

Orb aboTo orb la ooroit ooafkoioo lies, 

Aad with » brif ht diaordor palaio tho okioo. Broohi. 

/. TVliat do you say of that column which is marked sometimes 
clock hep n't' sun, at others, clock after sun ? 

T. A full explanation of that must be deferred till we come to 
speak of the equation of tinie ; at present it wdl be sufficient for 
you to know, tliat if you are in possession of a very accoiate and 
wdl-regulated clock/ and also of an excellent son-dial, th^ will 
be together only four days in a year ; now this column in the 
Ephemeris points oat how much the clock is before the sun, or 
the sun before the clock, for every day in the year. On Twelfth- 
day^ 1822» for instance, the clock is laster than the sun by 6 mi- 
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nutes and 7 seconds ; but if yott tmn to Majf-di^^ you will find 
that the clock is 3' 2" slower than the ran. 
/. What are the four days in the year when the clock and dial 

are togetlier? 

T. Ahout the loth of April, the 15th of Jirne^ the ist of Sep- 
tember, and Christ mas-day. 

C. By this table then we may r^ulate our clocks and watches. 

J. In what manner ? 

C. Examine the time by a pfood clock or watch, and on a good 
sun-dial, and observe whether the dill'erence between them answer 
to the diflerencc set down in the table, opposite to the day of ob- 
servation. Thus on the 12th of March, 1822, the ofeck did not 
ishow true time unless it was 10' 8" before the din], or when the 
dial is 13 o'dook it must be 10' 3'' past 18 by the clock or watch. 

T, WeU, let us proceed to the next page. The first three shori 
columns^ relating oidy to the duration of daylight and twilight* 
require no explanation: the fourth we shall pass over for the 
present ; and tne lemauiing five give the laiUnde of the planets. 

/. What do you mean by the latitude, sirP 

T. The latitude of any heavenly body is its distance from the 
eel iptic north or sout h . llius the latitude of Vetm^ on ew-y ear's- 
day, 1S22, was 1° 1' south. 

C. Then the latitude of heavenly bodies has the same reference 
to the ecliptic that declimtion has to the equator P 

T. It has. 

/. But I do not see any table of the sun*s latitude. 

T. I dare say your brother can give you a reason for this. 

C. Smce the latitude of a heavc^y body is its distance frm the 
ecliptic, and since the sun is always in the ecliptic^ he can have no 
latitude. 

T, The longitude of the son and planets is the only thing in this 
page that need now be explained. The longitude of a heavenly 
ooay is its distance &om the first point of the sign Aries, and it is 

measured on the ediptio. It is usual, however, as you observe in 
the Epliemeris, to express the lonmtude of a heavenly body by the 
dcgi-ee of the sign in which it is. in this way the sun's longitude 
on tlic 1st of January, 1822, was ui Capricorn 10*». 35' 48"; that 

of the moon in iVries 1 7° 44'. 

C. There are some short columns upon the former page which 

you have omitted. 

T. The use of these, as well as of the new column of the moon's 
parallax, will be better understood when we come to converse re- 
specting the moon and planets.* 

• For Um •xplBMtiaa «f HcliQce&Uic Lonfttadc, mc CoavmatioA XX. 
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* CONVERSATION V. 
Cfihe Solar SyBiem. 

T. Wc will now ])rococd to the description of iHa&Soiar Sy^tm. 

J. Of what (Iocs that consist, sir ? 

T. It consists of the sun and ])lanots, with their satellites, or 
moons. It is cjdled the Solar Sustem from A'o/, the sun, because 
the sun is supposed to be fixed in the centre, while the planets, 
and our earth among llieni, revolve round liiin at diilerent distances. 

C, But are there not some people, who believe that the sun 
goes loiind the eartikF 

T, Ye8> it is an opmion embraced br pertoui not aoonstmned 
to reason mi these subjects. It was adopted bv Ptolemy, a cele- 
limted astronomer of antiqnitj^ who supposed uie earth perfectly 
at rest, and the sun, planets^ and fixed stars to revolye about il 
every twenty-four hours. 

/. And is not that the most natural supposition? 

T. If the sun and stars were small bodies in comparison of the 
earth, and were situated at no verv £?reat distance, then the system 
maintained by Ptolemy and his followers might appear the most 
probable. 

/. Are the sun and stars vcrv large bodies then? 

T. The sun is more tlian a million of times larprcr than the earth 
which we inhabit, and many of the fixed btaib aic probably much 
laiger than he is. 

C, What is the reason, then, that they appear so small ? 

T, This appearance is caused by the immense dtstanoe there is 
between us and these bodies. It isknownwitiioertamtytiiatthe 
sun is more than 95 millions of miles distant from the earth, and 
the nearest fixed star is not less than two hundred thousand times 
farther from us than even the sun himself. 

C. How can any one know this ? they must guess. 

T, N o, it is no guessing ; it ia a certainty : I will tiy to show you 
how it is known. Draw a laree circle on the lawn ; place your cap 
on one edge of the circle, and stand yourself on the other side of 
the circle exactly opposite to your cap ; now look carefully at those 
two fir trees on tlie n ill at a distance. 

C. I see them : there is just enough space between them to 
permit of my seeing the flag-staff on the otlier side of the hill. 

T. Good : now come over to your cap, and look again at the 
-trees, and tell me what you observe. 

C. They now appear so dose together that the flag-staff is 
hidden. 
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T. Exactly so; and if I were to measure the diameter of the 
eircle, and then notice the anf,'le under wliieh vou had seen the 
trees, a short calculatiou would enable me to tell joa their exact 
distance. 

C. "VMiat, ^\^thout measuring it ? 

T. Yes. But I see you are gouig to ask me what this has to 
do with tlie stars. I will tell you. Fancy the flaff-staff a star, 
and your two places of obsCTvaikni the flitaa^on or tlie earth at 
opposite times of the yc^. A oeitain star has been examined 
mm two SQcli pt^sitions^ and it has not changed its place in respect 
to other stars, as your flag-staff did in respect to tne trees, ^ut 
a short calculation tells us that it would have ekaaged U$ place had 
it been nearer than I mentioned. 

C. But we can kam no conception of snch distances. 

7\ No; but several methods have been adopted to as^hi the 
mind in comprehending the vastucss of these distances. You have 
some idea of tlio swiftness with which a cannon-ball proceeds from 
the mouth of the gun ? 

/. I have lieard at the rate of eight miles in a minute. 

T. iVnd vou know how many minutes there are in a vear? 

/. I can e.'Lsily find out that by multiplying 305 days by 24 for 
the nmnber of hours, and that product by 60, and I shall have the 
number of minutes in a year, wnich nnmoer is 525,600. 

T, Now if you divide the distance of the snn him the eartii by 
the number of minutes in a year, multiplied by 8, because the 
cannon-ball trnvels at the rate of 8 miles m one minute, you will 
know how lon^ any body issuing from the sun, with the velocity 
of a cannon-ball, would employ in reaching the earth. 

a If I divide 95,000,000 by 525,600 multiplied by 8, or 
4,20^,S00, the answer will be more than 22, the number of years 
taken for the journey. 

T. Is it then probable that bodies so large, and at such distances- 
from the earth, should revolve round it every day ? 

C. I do not think it is. We miirht as reasonably expect the 
lire to revolve round the meat, hist cad of the joint rotating in front 
of the fire. — Will you, sir, go on w ith the description of the J^iolar 
S^slem, 

T. Aooording to this system, the sun is in the centre, about 
which the planets rerdve from teed to eael; that is, if a planet is 
seen in Anes, it advances to Taurus, then to Gemini, and so on. 
/. How many planets are there belonging to the sun P 
T, There are seven, besides some smaller bodies of the same 
kind discovered during the present century, c represents the sun, 
the nearest to which, Mercwji revolTes in the orbit neariy dr* 
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oular ; next to him is the beautiful planet Venm, who performs her 
revolution in the orbit h; then comes Earth mi; next to 




Fir s. 

which is Mars in e ; then Jupiter in tlie orbit /; afterwards Saturn 
in f/ ; and, far beyond liim, Ilerschel performs his revolution iu the 
orbit h. Do you recollect the lines in Thomson's Summer? 

And thou, O Sun, 
Soul of •urrouuriing' worlds! in whom best Mtft 
Shines out thy Mftkt^r! mny I ainz' of the*! 
'Tis by thy Brer<-t, stronr, attractive li»rM, 
As with n chniu iudiasoTuble bound, 
Thy Byatem rolls entire : from the far bourne 
Of atmo»( Mtndul^ wlie«liB|r wide hit round 
Qfjkmnemfj—.r%\ to Morearjr, whoae di«e 
Can seatM be cnurht by pbilosophie eye, 
Loat in tho Mar effulgpence of thy blace. 

C. You have substituted the words Hersehel, and fourscore, for 
Saturn and thirty. These lines are descriptive of the lii^ure. 

J. For what are the smaller circles, which are attached to several 
of the larger ones, intended ? 

T, They are intended to represent the orbits of the several satel- 
lites or moons belonging to some of the planets. 

/. What do you mean by the word orbit? 

T. The path described by a planet in its course round the sun, 
or by a moon round its primary planet, is called its orhit. Look 
to tne orbit of tiie earth in and you will see a little drde. 



Digitized by Google 



74 



ASTRONOMY. 



which reprosents the orbit in which our moon ipedcimB its monthly 
journOT. 

(7. Has neither Mercury nor Venus any moon ? 

None have ever been disoovered belonging either to Mercury, 
Yenns, or !Mars. Jnpiter, as you observe by the figure, has four 
moons : Saturn has seven : and Herschel (which also goes by the 
name of Uranus) has six : these, for want of room, are not dirawn 
in the cut. 

C. The Sdar Si/stem then consists of the sun as a centre, round 
wliich revolve secen planets, and eighteen satellites or moons. Are 
there no other bodies belonging to it ? 

T. Yes ; as I just observed, four planetary bodies were lately 
discovered by ^lessrs. Piazza, Gibers, and Harding. They are 
called Ceres, FallaSy JunOy and Vesta ; and we have now Asircea 
to add to the list. There are comets also which make their appear- 
ance occasionally ; and it would he wrong to affirm that no other 
phmets belong to the sohur system; for many more may exist, but 
our instruments may not vet have revealed uiem. 

C. Who first adopted uie system of the world, which you have 
been describing? 

T. It was conceived and taught by Pythagoras to his disciples, 
500 years before the time of Christ. But it seems soon to liave 
been disregarded, or perliaps totally rejected, till about 300 years 
ago, when it was revived by Copernicus, ami is at length generally 
adopted by men of science : — 

Th« sun niToIving^ on his axis taros. 
And widk ercatire fire intMiaelf barm*} 
ImMll'd the forciv* wAr, onr asrUi Mpmnc 
RolU wKh tlM plMcU round the aolnr g-t««m: 
nm Mwrenty compt«t»* \A% transient y«ar, 
Olowfar reAilgrent, wlili Mllwted glme \ 
Briffht VenuA occupies a wider wny { 
The early bnrbinK-cr of nii^ht nud ^ny ; 
More distnnt atill our (flob*- li rrnqucouB tamt. 
Nor chills iutruse, iioi tierc<;ly henied burns. 
Around her rolls tbf luimr orb of ligpbt, 
Tiniling: hrr silver g-lories tbrou^cb the niffbt: 
Beyond our c^lobe the stniifj^'uiiie Mnrs dispMyS 
A Mtrone' reflection of primeral rayt ; 
Next belted Jupiter far distant g'leams, 
Scnrcely enlig'htened with the solar beanat ; 
With four unfixed receptacles of light 
Ha Mw'ra majeatia tbroucb Um aiiaeloiulMlirlkt; 
B«it fhrtbtr 7«t tha tardf satum la^. 
And seven attendant laminnHes drags ; 

Inreating with a double ring bis pace, 

Ua Ailiolaa thr»«grb immmHtf vt ipM*. CBAXmiOll. 



CONVERSATION VI. 
Of ike Figure of ike EaHh. 

T. Ilaving, in our last Conversation, given you a descripiion of 
the Sdar System in general, we will now proceed to consiaer eaeh 



Digitized by Google 



riGUJLE or THE EARTH. 



75 



of its parts separately : and since we arc most of all concerned with 
the earthy we will begin with that body. 
/. You promised to give us some rcasou why this earth must be 



Suppose joa were standing by the 8ea-8liore« on a krel with 
the water^ and at a very considerable distance, as for as the ero 
can leadi, you observe a ship approaching; what ought to be tne 
appearance, supnosing the surface of the sea to be a flat plane P 

C. We shoula, I think, see the whole ship at onoe^ that is^ the 
hull would be visible as soon as the top-mast. 

T. It certainly must, or indeed rather sooner, because the body 
of the vessel beinr]r so much larger than a aJ^nHftr maat, it moat 
necessarily be visible at a greater distance. 

J. Yes, I can see the steeple of a church at a much greater 
distance than I can discern the lightning conductor which is upon it. 

T, Well, but the top-mast of a vessel at sea is tdways in view 
some little time before the hull of the vessel can be discerned. 
Now, if the surface of the sea be globular, tliis ought to be the 
appearance, because the protuberance or swelling of the water 
bCTween thevesseL and the eye of the spectator, wul hide the body 
of the shin some time aftw toepemiant is seen above. 

C, In we same way as if a high bmlding, a church for instance, 
were situated on one side of a hill, ana I was walking up the 
opposite side, the steeple would come first in sight ; anct as I ad- 
vanced towaids the summit, the other parts would come succes- 
sively in view. 

T, Yonr illustration is quite to the purpose : in the same way 

two persons, walking up a oill on the opposite sides, wiU perceive 
each other's heads first ; and as they advance to the top, the other 
parts of their bodies will become visible. With respect to the 
ship, the following figure ^^ill convey the idea very accurately. 
Suj)pose B A c represent a small part of the curvTd surface of the 
sea ; if a spectator stand at b, while a ship is at c, only a small 



part of the mast is visible to him, but as it advances, mofe of the 
ship is seen, till it anive at when the whole will be in sight 




extended plane, as it appears 




Fig. 3. 
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BehoUl whpn tlie (pIhcI ship shooiBfrom tilt po?k 

Upon full mil, tl>c liulk tiiBt disniipr-nrB, 

And then thf loM fr, tln-u llic Ir. ^ ti. r ^ai i« ; 

At Ifii^ih tlif ntiniinit of the tow'Ting- must 

AlouK is s<>eu: nor left*, wheu from thr ship 

Tb« loriK'ing' snilor's eye iu hnp« of shore : 

For then, from the top-mnst, though more remotO 

Thon cither deck, the shore is firai behold. harwtn BODOSlA. 

C. When I stood by the sea-side, the water did not appear to 

me to be curved. 

T. Perliaps not ; but its convexity may be discovered upon any 
still water : as upon a river, wliieh is extended a mile or two in 
length, for you n»ight see a vciy small boat at that distance wlule 
standing uj)right ; if then you stoop down so as to briuf^ your eye 
near the water, you will hnd the surface of it rising in such a 
mamier as to cover the boat, and intercept its view completely. 
Another proof of the globular figure of the earth is, that it is 
neceauiy for those who are employed in cuttiiig canals, to make a 
certain allowance for the convexity ; since the tnie lerel is not a 
straight line, but a curve which £uls below it eight indies in the 
first mile. 

C. I have heard of people sailing round the world, which is 
another proof, I imagine, of the globular figure of the earth. 
T. It is a well-known fact that navigators have set out from a 
articular port, and by steering their course continually westward, 
ave at length arrived at the same place from whence they first 
departed. Now had the earth been an extended plane, the longer 
they had travelled, the farther must they have been from home. 

C. How is it known that they continued the same course? 
might they not have been driven round at open sea ? 

T. By means of the mariner's compass, which I will explain on 
a future opportunity ; the method of sailing on the ocean by one 
certain track, is nearly as sure as travelling on the high road. By 
this method, Ferdinand Magellan sailed, in the year 1519, from 
the western coast of Spain, and oontmned his voyage in a west- 
ward conrse till he arrived after 1124 days in the same port from 
whence he set out. The same, with respect to Great Britain, was 
done by our own connti^en. Sir Enmcis Drake, Lord Anson, 
Captain Cook, and many others. 

C. Is then the common terrestrial globe a just representation of 
the earth ? 

T. It is, with this small difference,* that the artificial globe is a 

* What IIm OATtll losfs of Its sphi-ricitv, by mountnios nnd vnnejrfi, is very incoDsider- 
nble j the hlytmt momitnin hrniinfc "<* little prnpiirtion to its bulk, as scarcely to b« 
Of Blvaloilt to tbc iiuiMittst |i| i>tikh>'i iiiicf on the nu i fuce of OB OMUfO • 

Thi'M- i tieq uii 1 i liffl U) uiNffiii yrent ; 

Hilt to nil eye thiit ciun prehriids the whole, 

The tumour, which to us so monstrous seeiiis. 

Is as a grnin of spriukliiig^ snud thnt cling-s 

To the smooth surface of a sphere of fplOM} 

Or us n iiy upon tho convex domo 

Of A tublimo, OMptsdoao odilleo. t4tm. 
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perfect sphere, vhereas the earth is a spheroid, the diameter from 
pole to pole being about 37 miles shorter than that at the equaior. 

C. Wliat is a spheroid^ 

T, An is an oblong spheroid : an orange is an MaU spheroid. 
The earth is an ohl^ite spneroid ; but it is not nearly so flat in 
proportion at the poles as the orange is. 

e/. Wliat aiT the polos, sir ? 
T. In the artilicial p:lubcs there 
is an axis x s about which it turns; 
now the two extremities or eutls of 
tills axis N and s are called the 
poles. 



C. Is there any axis belonging 




toiheearthP 

T. No; hut, as we shall to-mor- 
row show, the earth turns round 
once in every twenty-four hours, 
so astronomers imagine an axis 
upon which it revolves as upon a 
centre, the extremities of which * 
imaginary axis arc the poles of the earth; of these, n, the north 
pole, points at all times exactly to the norlh pole of the heavens, 
which we have already described, and which is, as vou reoollect. 
within two degrees ot the polar star in the diagram, p. 63. 
J. And how do you define the equator? 

T. The eq/'utor a b (in the last figure) is the circumference of 
an imaginary circle passing through the centre of the earth, per- 
pendicular to the iixis, N s, and at equal distances from the poles. 

C, And I think you told us, that, if we conceived this circle 
extended every way to the fixed staxs^ it would form the eeksiial 
equaior, 

I did; it is also called the eguinoeiial, and you must not 
forget, that, in this case, it would cut the circle of the eeliptic cD 

in twopoints. 

/. Why is the eclipfic marked on the terrestrial globe, since it 

is a circle peculiar to the heavens ? 

T. Though the fclipfic be peculiar to the heavens, and the equator 
to the earth, yet thev are both drawn on terrestrial and celestial 
globes, in order, among other things, to sliow the ])osition which 
these imaginary' circles have in relation one to another. 

I shall now conclude our present Conversaticm, with obsening, 
that, besides the proofs adduced for the globular form of the earth, 
there arc others equally conclusive, which will be better understood 
a fpw days hence. 
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con\t:rsation vii. 

0/ ihe mwnud Moti4m of the Earth. 

T, Then you are, I trusty satisfied that the earth is a globe ; let 
US now adraice one step faifher, and %how you that Qiis globe 
turns on an imaginary axis every twenty-fonr hours ; and thereby 
causes the succession of day and night : — 

And Mrth Ml^teluoed oa hn oetttn hMm%» Paiu Lotr. 

/. I shall wonder if you are able to afford such satisfoctory 
evidence of tiie daily monon of the earth as of its globular form. 

T, I trusty nevertheless, that the arguments on this subiect will 
be sufficiently couTincing, and that berore we part you will admits 
that the apparent motion of the sun imd stars is occasioned by the 
diurnal motion of the cartli. 

C. I shall be glad to liear how tliis can be proved ; for if, in 
the iiioniing, I look at the sun wIkmi rising, it appears in the cast, 
at noon it lias travelled to the south, and in the evening I see it 
in the western part of the heavens. 

J. Yes, and we observed the same last night (Mareh the 1st) 
with rcspeet to Arctunf.^, for about eight o'clock it had just risen 
in the north-west part of the horizon, and when we went to bed two 
hours after, it had ascended a good height in the heavens, evidently 
travelling towards the west. 

T, It cannot be denied that the heayenly bodies appear to rise 
in the east and set in tibe west; but* the appeartmee will be the 
MMMtf to us, whether those bodies revolve about the earth while that 
stands stiU, or thiqr stand still while the earth turns on its axis the 
contrary way. 
C. Will you explain this, sir P 

Suppose G B C B to represent the earth., t tlie centre on 
^ whieli it turns from west to cast, accord- 

ing to the order of the letters g r c B. 
If a spectator on the surface of the earth 
at R see a star at H, it will appear to him 
to have iust risen ; if now the cai-th be 
supposed to turn on its axis a fourth of 
a revolution, the spectator will be carried 
from R to c, and the star will be just over 
his head; when another fouith part of 
the revohdion is completed, tiie spectator 
will be at b, and to him tlie star at k will 
v be settui^, and will not be visible again 

iv* ^ till he amve by the rotation of the earth, 

at the station b. 
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C, To the spectator, then, at the aj^pearance wonld be the 
same whether lie tazned witii the earth into tiie rituatioii B, or 
the star at h had describedj in a contrary diieotion^ the space h z o 
in the same time. 

T. It certainly wookL 

/. But if the earth really tamed on its axis, should we not 

perceive its motion ? 

T, The motion of the earth, in its diumal rotation, being sobjeet 
to no impediments by resisting obstacles, cannot cflect the senses. 
In the same way ships on a smooth sea are freciuently turned 
entirely roimd the tide, without the knowledge oi tliose persons 
who happen to be busy in the cabin, or hetween the decks. 

C. That is, because they pay no attention to any other object 
but the vessel in which they are. Every part of the sliip moves 
with themselves. 

/. But if, while the ship is turning, without their knowledge, 
they happen to be looking at fixed distant objects, what will be uie 
i^pearaiioeP 

r. To them, the objects whioh are at rest wiD appear to be 
turning round the contrary way. In the same nuumer we are de- 
ceived in the motion of the earth round its axis ; for, if we attend 
to nothing but what is comiected with the earth, we cannot per- 
ceive a motion of which we partake ourselves, and if we fix our 
eyes on the heaveidy bodies, tnc motion of the earth being so easy, 
they will appear to be turning ia a direction contrary to the real 
motion of the earth. 

C. I have sometimes seen a skylark hovering and singing over 
a partieular field for several minutes together; now, if the earth is 
continually in motion while the bird remains in the same part of 
the air, why do we not see the field, over which he first ascended, 
pass froui under liini ? 

T, Because the atmosphere in which the lark is suspended is 
connected with the earth, nartakes of its motion, and carries the 
lark idong with it ; and inerefore, independently of tiie motaon 
given to the bird by the exertion of its wings, it has another in 
common with tlie earth, yourself, and all things on it, and being 
common to ns all, we have no methods of ascertaining the fact by 
means of the senses. The rotation of the earth on its axis, the 
smoothness of its motion, and its effect on the atmosphere, are 
described by Milton in three lines • 

Thnt Bpioningr ilecpt 
On h«r sofk asl« n* •!!« pneet rv«B. 
Antt bean as twlft wlUi tbe •aoeth *lr sloBff. 

/. Tbough the motion of a ship cannot be observed, without 
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olgeots at rest to compare ivith it, jet I cannot help thinkhig that, 
if the earth moved, we ahoold be able to discover it by means of 
the stars^ if they are fixed. 

T. Do jou not remember once sailing very swiftly on the river, 
when you told me that you thought ail the trees, houses^ ftc., on 
its banks were in motion ? 

J, I now recollect it well ; and I had some difficulty in per- 

suadins: myself that it was not so. 

C. This brings to niv iiiind a si ill stroni^or deception of this 
sort : when travellinir with great speed on the railway, I suddenly 
waked from a sleej), and 1 could scarcely help thinking, for several 
minutes, but that the trees and hedges were running away from 
us, and not we I roin I hem. 

T. I will mention another curious instance of tliis kind ; if you 
ever happen to travel pretty swiftly in a carriage, by the side of a 
field ploughed into kmg namw ndges, and perpendicular to the 
road, yon will think that all the ridges are tuniinff round in a 
direction contrary to that of the carriage. These facts may satisfy 
you that the appearance will be predsdy the same to us, whether 
the earth turn on its axis from west to east, or the sun and stars 
move from east to west. 

/. They will ; but which is the more natural conclusion ? 

T. This you shall determine for yourself. If the earth (Fig. 4) 
turns on its axis in 24 hours, at what rate will any part of the 
equator a b move ? 

C. To determine this we must find the measure of its circum- 
ference, and then, dividing this by 2i, we shall get the number of 
miles passed through in an hour. 

T. Just so ; now call the semi-diameter of the earth 4000 miles, 
which is rather more than the true measure. 

/. Multiplying this by six* will give 24,000 miles for the cir- 
cumference of tne earth at the equator, and this, divided by 24, 
^ves 1000 miles for the space passed through in an hour, by an 
inhabitant of the equator. 

T, You arc right. The sun, I have already told you, is 95 mil- 
lions of miles distant from the earth ; tell me, therefore, Charles, at 
what rate that body must travel to go roimd the earth in 24 hours? 

C. I will; 95 millions multipliea ])y 6 will give 570 millions of 
miles for the length of his circuit ; iim divided, by 24 gives nearly 

• If the rend*T would be accimtH in hin cnlculntions, he must InVe til* nean radius cf 
the enrth nt 3965 milrs, nod this, niultiplud hy 6-2f31><, will pive 24,912 mi1e« for th«; cir- 
cuinff r<'nce. Thruuph the remniudi-r ot tins work, thf decimnls in multiplieatinu nrr 
omitted, in ordir thul t}i<* mind inny not be btiult-iic)! with o<i<l numbers. It se^-ined neces- 
Btirv, however, in this ]>liici'. to ffiTB the trtie ttmi-ciimneter of tbp t-nrth, nnd the number 
(arcurnte to liva places ot dfcinmls) by which, if the radius of anv circle be niuUiplicd, 
the circumferenec it obtained. Mr. I'lnyfair makt* tbt lOSfMt nni-diaaMltr Of thit MUth 
to to 8MS| mUm, m4 Um ahortar 3949^ niilet. 
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24 millions of miles for the spaoe he must tnnreL in an houv to go 

round the earth in a day. 

T, Which now is the more probable conclusion, either that the 
earth should have a diurnal motion on its axis of 1000 miles in an 
hour, or that the sun, which is a million of times larger than the 
earth, should travel 21- millions of miles in tlic same time? 

/. It is certainly more rational to conclude that tlic earth turns 
on its axis, the effect of which jou told us was the alternate su&i 
cession of day and ni^ht. 

T. I did i and on this and some other topics we will enlarge to- 
momyif. 



CONVERSATION Vm. 

0/ Daif and Night. 

J, Ton propose now; sir, to apply the rotation of the earth 
about its axis to the suooeesion of oay and night. 

T. I do; and for this pmpoae suppose g k c b (Fig. 5) to be the 
earth, revolving on its axis, accormng to the order of the letters, 
that is, from g to r, k to c, &c. If the sun be fixed in the hea- 
vens at z, and a line h o be drawn through the centre of the eartli 
T, it will represent that circle, which, when extended to the hea- 
vens, is called the rational horizon. 

C. In what does this differ from the sensible horizon f* 

T. The mmihle horizon is that circle in the heavens which bounds 
the spectator's view, and which is greater or less, according a.s he 
stanos higher or lower. For example \ an eye placed at Ji\:e feet 
above the surface of the earth or sea sees 2J miles eveiy way^ but 
if it be at 80 feet high, that is, 4 times the height, it will see 61 
miles, or twice the distance. 

C Then the wnribk differs from the roHomU hodion in this, 
that the former is seen from the surface of the earth, and the laUer ' 
is supposed to be viewed from its centre. 

T, ion are right; and the rising and settdng of the sun and 
stars are always referred to tiie ratKmal horizon. 

/. Why so f They appear to rise and set as soon they get 
above, or siidc below, that boundary which separates the visiole 
from the invisible part of the heavens. 

2\ They do not, however ; and the reason is this, that the dis- 
tance of t)ic sun and fixed stars is so great in comparison of iUOO ' 
miles (the ditference between the surface and centre of the earth), 
that it can scarcely be taken into account. 

C. But 4000 miles seem to me an immense space. 

6 
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T, Considered separately, they are so; but yAan oompared 
with 95 miUiona of miles, the distanoe of the sun from the earth, 
thcjr almost yamsh as notidsg. 

J. But do the rising and setting of the moon, which is at the 
distance of 240 thouMod miles only, respect also the ratioaaL 
horizon ? 

T, Certainly; for 4000 compared with 240 thousand, bear only 



on tne earth in different directions, the one 60 and the other Gl 
yards, should you at once be able to diatingnish the greater £rom 
the less ? 

C. I think not. 

T. Just in the same manner does the distance of the centre 
from the surface of the earth vanish in comparison of its distance 
from the moon. There is a diflcrence, however, connected with 
what astronomers call parallax; but this ib not the time to ex- 
plain that pecoliaiity. 

/. No : our present bnauiess is with the sueoesaioii <tf day and 
night. 

T. Well then ; if the sun be supposed at z, it will ilfamunate, 
by its rays, all that part of the eartn that is above the horizon ho. 

To the inliabitants at g, its western boundaiy, it will appear just 
riaing; to those situated at B» it will be noon; and to thme in the 
eastern part of the horizon, c, it will be setting. 

C. I see clearly why it should be noon to those who live at K, 

because the sun is just over their heads ; but it is not so evident 
why the sun must appear rising and setting to those who are at 
G and c. 

T. You are satisfied that a spectator cannot from any place ob- 
serve more than a semicircle of the lieavens at any one time; now 
what part of the heavens will the spectator at g observe ? 
. e/. He will see the concave hemisphere z o n. 

T, The boundary to his view will be N and z, will it not ? 

C, Yes ; and eonsequently the sun, at z, will to him be just 
coming into sig^t. 

T, Then, by the rotation of the earth, the speetator at g will in. 
a few hours come to K, when, to lum, it will oe noon; and those 
who live at r will have descended to c ; now what part of the hea- 
vens will they see in this situation F 

/. The concave hemisphere n h z, and z bein§ the boundary of 
their view one way, the sun will be to them settmg. 

T. Just so. After which they will be turned away from the sun, 
and consequently it will be ni<^lit to tliciii till they come again to 
G. Thus, by this simple motion of ike earth on ii& axis, every 
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part of it is by tuna enlightened and wanned by the cheering 
beams of the sun. 

C. Does this motion of the earth account also for the apparent 
motion of the tixed stars ? 

T. It is owing to the rotation of the earth upon its axis, that 
we imagine the whole starry firmament revolves about the earth 
in 24 hours. 

/. If the heavens appear to turn on an axis, must there not be 
two points, namely, the extremities of that imaginary axis, which 
always keep their position P 

T. Tea; we moist be nndentood to except the two cdedial 
poles^ whush are opposite to the poles of the eartii: consequently 
each fixed star appears to describe a greater or a less circle roimd 
these, aoocnrding as it is moie or less remote from those cdesttid 
poles. 

C. When we turn from that hemisphere, in which the sun is 
placed, we immediately gain sight of the other, in which the stars 

are situated. 

T. Every part of the heavens is decorated with these glorious 
bodies ; so tiiat we may unhesitatingly adopt the exchmiation of 
the poet : 

Nirht opet the noblest •ernei, nnd ahedt an %w« 
Which ftvM UiOM venernble aceue* full watglitt 
And deep reception in th' intcnder'd heart.^ 
This gorgeous appanitat ! ThI* display ! 
This ostentation of creaiiT* pawcri 
This theatre ! what eye can take ft In? 
By whnt divine enchnntrueiit w«8 it raised 
For minds of th^ lit at mng^uitude to Inuncll 
In endless «pf cuhxtion, mid ndorv ! 
One Biin by dhv, by uight ipit thousand shine, 
And lig'ht us deep into ihf Deity; 

How boundless iu ma|foi^cence and might*. YOUNO. 

J, li every part of the heavens be thus adorned, why do we not 
see the stars in the day, as well as the nightP 

T, Because, in the daytime the sun's rays are so powerfid as 
to render those which come from the fixed stars inYisi])le. But if vou 
ever happen to go down into any very deep mine or coal-pit, where 
the rays of the sun cannot reach the eye, and it be a clear day, 
you may, by looking up to the heavens^ see the stars at noon as 
well as in the night. 

C, If the earth always revolve on its axis in 24 hours, why does 
the length of the days and nights differ iu difi'ereut seasons of 
the year ? 

T. This depends on other causes connected with the earth's 
annml journey round the son^ upon which we will conyerse the 
next time we meet. 
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CONVEliSmON IX. 
Of ihe Jmmal MaHfm of ike JBaHh. 

T. Besides tlie diurnal motion of the earth, bv "vvliich tlic sue- 
cession of day and ni^ht is produced, it has another, eallcd its 
annual motion, wliich is the journey it performs round tlie bua iu 
3G5 days, 5 hours, 4S minutes, and il) seconds, 

C. Arc the different scuiiunb to Le accounted for by this motion 
of the earth P 

T, Yes, it is the cause of the different lengths of the days and 
nights, and conseqoentW of the different seasons, Tiz. /^>/-///y, 
l^mmer. Autumn, and winter. 

It thifu the scamnB, mMtht, and dftys. 

Thi" nhort-lired off«pHii(f of tYvolviD|* tlM; 
llv turnt ihey die, by turn* nre born. 
Now chefrtiil Spriug^ ilif cucl»- leads 
And Rtrewii wiin flowpi s the smiliDg^ mrkdc ; 
Ciny Suriiiiier uext, whom ruBMt robcS •4Mnif 
And wAviD|^ heUU of yeUow cora ; 

Then Aatiimn, who with lavish « torn Ikt l«f vf If atait tpfiada} 

l>««r«pit WittUr, iMrrnrd in tht danw 

(Like ft«U« af* onn«M'd viUi pate)b 

A hcavir mmmb dots nalntaiBt 

With ariviay raowt sod wtoda and rata ; 

TIU Spriny, rteraitrd to advaaea. ! 

Tka varioa* year rolli round a^fa. Ht5<nraa. 

/. How is it known that the earth makes this annual joiimey 

round the sun ? 

T. I tohl you yesterday tliat, througli ilic sli.'dt of a very deep 
mine, the stars arc visi])le in the day as well as in the night. They 
are also visible in the daytime, by means of a telescope properly 
fitted up for the purpose; by this method, the sun and stars are 
visible at the same time. Now if the sun be seen in a lijie with 
a fixed star to-day at any particular hour, it will, in a few weeks, 
bjT the motion of the earth, be found oonaidmbfy to the east of 
hun; and if the observations be oontinned through the year, we 
shall be able to trace him round the heaTons to the same fixed 
star ftom which we set out; consequently the sun must have 
made a journey round the earth in that time» or the earth round 
him. 

C. And the snn being a million of times larger than the earth, 
yon will say that it is more natural, that the smaller body should 

go round the larger, than the reverse. 

T. That is a j)roper argument ; but it may be stated in a much 
stronger maimer. The sun and earth mutually attract one another, 
and since they arc in equilihrio by this attraction, you know, their 
momenta must be equal,^ therefore the earth being the smaller 

• Bm MechaBlcsy Caavactatla* XIV. 
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body, makes out by its motion wliat it wants in the quantity of its 
matter, and of course it is that which performs the journey. 

But if you refer to the princi{)h^ of the lever, to explain the 
niutuid attraction of the sun and earth, it is evident that both 
bodies must turn round some point as a common centre. 

T. They do ; and that is the common centre of gravity of the 
two bodies. Now this point between the earth and sun is within 
the surface of the latter body. 

C I imderstand how this is ; because the centre of gra\ity be- 
tween any two bodies, will be as much nearer to the centre A the 
hirger bodj than to that of the smaU^, as tiie former contains a 
greater quantity of matter than the latter. 

T. You are right : but you will not conclude that, because ih» 
V Bim is a million of times larger than the earth, therefore it contains 
a quantity of matter a million of times greater than that contuned 
in the earth. 

/. Is it then known that the earth is composed of matter more 
dense than that wliieh composes the body of tlie sun ? 

T. Tlie earth is composed of matter tour times denser than that 
of the sun : and hence the quantity of matter in the sun is between 
two and three hundred thousand times greater than that which is 
contauied in the earth. 

C, Then for the momenta of these two bodies to be equal, the 
▼elocity of the earth must he between two and three nmidred 
tiiousrad tunes greater tiian that of the son. 

T, Jnstso: wd to dEeet thiii^ the o^tra of gravity between the 
sun and earth, will be as mnoh nearer to the centre of the 8«m than 
it is to the centre of the earth, as the fonner body contains a 
greater quantity of matter than the latter : and hence it m fonnd 
to be seyeral thousand miles within the surface of the sun. 

/. I now clearly perceive, that since one of these bodies revolves 
about the other in the space of a year, and that tliey both move 
round their common centre of gravity, that it must of necessity 
be the earth which revolves about the sun, and not the sun rouuil 
the earth. 

T. Your inference is just. To suppose that the sun moves round 
the earth is as absurd as to maintain that a millstone could be 
made to move round a pebble. 
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CONVERSATION X. 
Of the Setuom. 

. T. I will now show you how the different seasons are produced 

by the annual motion of the earth. 
J. Upon what do they depend, sir ? 

T. The variety of the seasons depends, 1st, upon the length of 
the days and nights, and, 2dly, upon the position of the earth with 
respect to the sun. 

C. But if the earth tuj*n round its imaginary axis every 21 hours, 
ondit it not to enjoy equal days and nights all the year ? 

T, This wcrald oe the case ii the axis of the earth ir a were per- 
pendicular to a line c e drawn through the centres of the sun and 





the earth; for then, as the sun always enlightens one half of the 
earth by its rays, and as it is day at any given place on the globe, 
so long as that phioe oontmnes in the enlightened hemisphere, 

every part, excepf the two poles, must during its rotation on its 
axis, be one half of its time in the light and tne other half in dark- 
ness : or in other words, the days and nights would be equal to all 
the inhabitants of the earth, excepting to those» if any, \mo liyeat 

the poles. 

/. Why do you except the people at the poles ? 

T. Because the view of the spectator situated at the poles N and 
s, must be bounded by the line c e ; consequently the sun to him 
would never appear to rise or set, but would always be in the 
horizon. 

C' If the earth were thns situated, wonld the rays of the sm 
always fall vertically on the same pari of it ? 

T. They wonld : and that part wonld be s Q the equator; and, 
as we shall presently show, the heat excited by the snn being 
creater or less in propoi^on as itsra^s come more or less perpen* 
oicularly npon anv body, the parts of the earth about the eqnator 
would be scorchea up, while those beyond 40 or 50 degrees on 
each side of that line and the poles would be desolated by an un- 
ceasing winter. 
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Some saf the tan 
Wm bid tarn reins from the equinoctial road 
Up to the Trofiic Crub; thence down amaia • 
By L»o and the Vtr§in^ and the Scales^ 
As 4mp m CSqM-iMm. to brinff in ebanf* 
Of WUOM to oadi ellmo ; olae had Ih* afriBy 
Pcrpotual amiled on earth with rerdaat flovan, 
K^nat In days and nig'bts, except to tfaoM 
B«]rond the fxtlar circlet: to them dny 
Had iinb«nigbted thone, while the low sun, 
Tu recoropen>e hit diatnuce, in tlMirai|pbt 

Had rounded atiU th' horisoa. Par. LOsr, Book 1. 872. 

/. In what ilaanuer is this prevented ? 

T. Bj the aiis of the eadliKS being imslmed or sloped^ 23 




Fiy. 7. 

degrees and a half out of the perpendicular, as it is described bj 
Milton : — 

Bo bid hie angele turir aikaneo 
Tha polaa of aanh twiea taa difraas and aiara 
FMflB the awi'a axla. 

In this case you observe, that all the parallel circles, except the 
equator, are divided into two une(iuul parts, having a greater or 
poI^kioII of their circumferences in the enlightened than in the 
daik hemisphere, aooording to tlieirsitiiaticMiwitii respect to vtbe 
ntirlli* or s the south pole. 

0. At ▼hat season of the year Is tiie earth lepresented in this 
figure? 

T. At our summer season ; for you observe that the pamlleL 
circles in the northern hemisphere have their greater puts en- 
lightened, and their smaller parts in the dark. If D L represent 
tliat circle of latitude on tlie globe in which Great Bntain is 
situated, it is evident that about two thirds of it is in the light, 
and only one third in darkness. 

You will remember that parallels of latitude are supposed circles 
on the surface of the earth, and are shown by real circles on its re- 
presentative, the terrestrial globe, drawn parallel to the equator. 

/. Is that the reason why our days towards the middle of June 
are 16 hours long, and the nights but 8 hours P 

T. It is; and if yon look to the paraM next begrond that marked 
B L, you inll see a still greater disproportion between the day and 
night, and the paiaQel more north than this is eutiiel^ in the 
light. 

. {7. Is it then always di^ there? 
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T, To the whole space between that and the pole it k oontmiial 
day for some time, ^e duration of which is in proportion to its 
viciiiity to the pole ; and at the pole there is a permanent daylight 

for six months together. 

/. And durmg that time it must, I sn]^K»^ be night' to the 
people who live at the south pole ? 

T. Yes ; the figure shows that the south pole is in darkness ; 
and YOU niav observe that, to the inhabitants living in equal 
parallels of latitude, the one north and the other south, the length 
of the days to the one will be always equal to the length of the 
nights to the other. 

0, What, then, shall we say to those who live at the equator; 
and, consequently, who have no latitude ? 

T, To tnem tlie dajs and nkhts lure always equal, and of course 
twehre horns each in length, ana this is also evident firom the figure ; 
for in every position of the dobe one half of the equator is in the 
light, and the other half in darkness. 

If, then, the length of the days is the cause of the different 
seasons, there can be no wiefy in this respeet to those who live 
at the equator ? 

T. Yon seem to forget that the change in the seasons depends 
upon the position of the earth with rcsjiorl to the sun, tliat is, upon 
the pprpendicuUirUi/ with which the rays of \vj\\\ fall ujxju any par- 
ticular part of the earth, as well as upon tlie length of days. 

C, Indeed 1 did; but does that make any material diHerence 
with regard to the heat of tiu^. sun? .t« - ' ' 

T. It does; let a n represent a i)ortion<rf the earth's surface ou 

which the son's rays fall pcrpcndicu- 
krlv; let B 0 represent «0i equal 
pora^ oia wbiek ltkiv fidtdliquely 
or asfaini; Ifei»^mMMTM^ thit »<oJtt 

jihaiposition ol iba figure, though it 

Fif. 8. ^(Hvr ,ii jM^fi^pai to A B, receives boAilu^ 
light aud heat that a b doeSi Jlteasiwr^ by the sun's ri^ mma% 
more perpendicularly, thej come wiiii gmiftevflBBOGb aairatt a^^ 
gjjpiteg auiobero, on the satoaj^aoe;^ ^r: t < --.nm nr Y 




CONVERSATION XI. 

T. If you now take a view of the earth in its annual course round 
the sun, considering its axis as inclined 23 1 degrees to a line per- 
pendicdar to its orbit, and keepings through its whole journey, a 
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(lircctiou parallel to itself, you will iiud that, accordinp: as the earth 
is ill different parts of its orbit, the rays of the sun are presented 
perpendicularly to the equator, and to every point of the globe, 
witluu 23^ degrees of it both uortli aud south. 




The figure represents the earth in four different parts of its, 
orbit, or as it is situated with respect to the suu in the mouths of 
March, June, September, and Beoonber. 

C, The eKrtli*8 orbit is not made eireiilar in the figure. 

21 No; bat the orUt itself is nearly oiiedar: we are, however, 
ni|ipoBed to view it from the aide b d, and therefore, though 
almost a circle, it appears to be a lon^ ellipse. All circles appear 
elHptioal in an obUque view, as is evident dj looking obliquely at 
the rim of a basin at some distance from jon. for toe true Hgme 
of a circle can only be seen when the eye is directly over its centre. 
You observe that the sun is not in the centre. 

/. I do; and it appears nearer to the earth in winter than in the 
summer. 

T, We are indeed more than three millions of miles nearer to 
the Sim in December than we are in June. 

C. Is this possible, when our winter is so much colder than the 
summer? 

T, Notwithstanding this, it is a well-known fact : for it is as- 
eeitained that our sommer, that is, tiie time that passes between 
the venal and antmnnal eqninoxes, is nearly eight days longer 
timn onr winter, or the time between the autumnal and vernal 
aqoinoxes. Ckmsequently the motion of the earth is slower in the 
femer case than in the latter; and thet^oce, as m shall aee^ it 
wst be at a^gieafter distance from the son. Again, the son's 
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OfpamU diameter is greater in our winter than in summer ; but 
tne apparent diameter of any object increases in proportion as our 
distance from the oUect is aiminished, and theraoie we oondnde 
that we are nearer tne snn in winter than in summer. The soi^s 

apparent diameter on January Ist is 32'. 35" ; on July Ist, 31'. 30". 

/. Eut if the earth is further from tlic sun in summer than in 
winter, why are our winters so much colder than our summers ? 

T. Because first, in the summer, the sun rises to a mudi greater 

height above our horizon, and therefore, its rays cominj^ more 
perpendicularly, a greater number of them, as I showed you yes- 
teraay, must tali upon the surface of the earth, and they come also 
with greater force ; which are the principal causes oi our ^reat 
summer's heat. Secondly, in the summer, the days are very long, 
and the nights short ; tnerefore the earth and air are heated by 
the sun in the day more than they are cooled in the night. And 
you must also remember that while it is summer with us, it is 
wmUr ebewhere. So that your objection is not a good one> even 
if it were sound. 

/. But why have we not the greatest heat at the time when the 
days are longest P 

T» The hottest season of the year is certainly a month or two 
alter this, which may be thus aooounted for. A oody once heated 
does not become cold again instantaneously, but gradually ; now, 
as lon^ as more heat comes from the sun in the day than is lost in 
the mght, the heat of the earth and air will be daily increasing ; 
and this will e\idently be the case for some weeks after the longest 
day, both on account of the number of rays which fail on a given 
space, and also from the perjiendicular direction of those rays. 

Will you now explain to us in what manner the seasons are 
produced ? 

T. By referring to the last figure, you will observe, that in the 
month of J unc, the north pole of the earth inclines towards the 
sun, and consequently brings all the northern parts of the globe 
more into light than at any other time in the year, 

0. Hen to the people in those parts it is snnunerF 

T. It is : bat in iUecember, wnmi the earth is in the opposite 
jMot of its orbit» the north pole declines from the sun, whicn occa- 
sions the northern pboes to be more in the dark than in the lig^ ; 
and the reverse Ibt the southern places. 

/. Is it thuL summer to the inhabitants of the southern hemi- 
•sphere P 

T, Yes, it is ; and winter to ns. In the months of March and 
September, the axis of the earth does not incline to, nor decline 
from, the sun, but is perpendicular to a line drawn from its centre. 
And then the poles are in the bQundai;y of light and darkness and 
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the sun being directly vertical to, or over the equator, makes equal 
day and night at all places. Now trace the annual motion of the 
earth in its orbit for yourself, us, it is represented in the figure. 

C, I will, sir ; about the 20th of March the earth is in Libra, 
and oonsequentiy to its inhabitants the sun will i^pear in Aries^ 
and be raaeal to the equator. 

T. Then the equator and all its panllds aie eqoaUy diiided be* 
tween the light and dark. 

C. Consequently the days and ni^^ts are equal aU over the 
world. As the evth pnxsoes its journey from March to June, its 
northern hemisphere eomes more into lijgfht, and on the 2l8t of 
that month the son is vertical to the tropic of Cancer. 

T. You then observe, that all the cireles parallel to the equator 
are unequally divided; those in tlie nortliern half have their 
greater portions in the light, and those in the southern half have 
their larger portions in darkness. 

C. Yes ; and, of course, it is summer to the inhabitants of the 
northern hemisphere, and winter to those in the southern. 

I now trace it to September, when I find the sun vertical again 
to the equator, and, of course, the days and nights arc again equal. 
And following the earth in its journey to December, or when it 
has arrived at CSaneery the son appears in Cuaio(»ni» and is vertical 
to that part of the earth called tne tropic oi Cmiooni, and now 
the southern pole is enlightened, and all the cirotes on that hemi- 
sphere have mai lar^r parts in light ; and, of course, it is smnmet 
to those parts, and wmtor to us in the northern hemisphere. 

T, Can you, James, now tell me why the days lengthen and 
shorten from the equator to the polar circles every year r 

/. I will try to explain myself on the subject. Because the snh 
in March is vertical to the equator, and from that time to the 21st 
of June it becomes vertical successively to all other pai-ts of the 
earth between the equator and the tropic of Cancer ; and in pro- 
portion as it becomes vertical to the more northern parts of the 
earth, it declines from the southern, and, consequently, to the 
former the days lengthen, and to the latter they sliorten. From 
June to September, the sun is again vertical successively to all 
the same parts of the earth, but in a reverse order. 

€, l^noe it is summer to all those parts of the earth where the 
son is vertical, and we find that the son is vertical twice in the 
year to the equator, and eveiy part of the £^obe between thd 
' equator and tropicsy there most be iJso two sommers in a year to 
all those places. 

T, There are ; and in those parts near the equator they have two 
harvests eveir year. But Id your brother finish his description. 
/. Irom September to December it is successively vertical to 
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all the parts of the earth situated beiwami tbc equator and the 
tropic or Capricorn, wliich is also the cause of the hMii^tliening of 
the days in the southern hemiaphere, and of their beooming shorter 
in the northern. 

T. Can you, Charles, tell mc avIij there is sometimes no day or 
night for some little time t()<?ether within the polar circles ? 

C. The sun always shines upon the earth 90 degrees every way, 
and when he is vertical to the tropic of Cancer, wliich is 231 
degrees north of the equator, he must sliine the same number of 
de^ees beyond the pole^ or to the polar circle ; and while he thus 
shines there can be no mght to tiie people witlun that pofair drde» 
and, of coarse, to the imiabitants at the southern polar oiide, 
there can be no day at the same time ; for, as the snn^s rays reach 
but 00 degrees every way, they oanaot shine fax enough to reach 
them. 

T. Tell mc, now, why there is but one day and night in the 

whole year at the poles ? 

C. For the rea^?on which I have just given, the sun must shine 
beyond the north pole all the time he is vertical to those parts of 
the earth situated between the equator and the trojnc of Cancer, 
that is, from March the 21st to September the 20th, ilurins: which 
time there can be no night at the north pole, nor any day at the 
south pole. The reverse of this may be applied to the southern 
pole. 

/. I understand now, that the lengthening and ahoriming of 
the days, and difcrant seasons, are produced by the annnal motion 
of the earth round the sun ; the axis of the earth, in aU parta 

its orbit, bemg kept parallel to itself. 

C. But if the axis of the earth is thus parallel to itself, how can 
it in all positions point to the pole-star in the heavens ? 

T. B^use the diameter of the earth's orbit c is as nothing 

in comparison with the distance of the earth from the fixed stars. 
Suppose you draw two parallel lines, at the distance of three or 
four yards from one another, will they not both point to the moon 
when she is in the horizon? 

/. Yes, certainly ; for three or four yards cannot be accounted as 
anything, in comparison of 2^0 thousand miles, the distance of the 
moon from us. 

T, Perham three yards bear a much greater proportion to 240 
thousand nulei than 100 mBliona of imlea bear to our distance 
from the polar itar. 
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CONVERSATION XIL 

Of the Equation qflime. 

T, Ton are now, I presimie, acqinmied wilb the motions pe- 
cnUar to this globe, on wluoli we ]i?eP 

C, Yeo : it has fint a rotation m its aiis from west to east 

eyeiy S4 hours, by which day and night are prodneed, and also 
the a]ijnarcnt diurnal motion of the heavens from east to west. 

/. The otfacor is its ammal revolution in an orbit round the sun, 
likewise from west to east, at the distance of abont 96 millions of 

miles from the sun. 

T. We will now proceed to investigate another curious subject, 
viz. the equation of time, and to explain to you the di£['erence 
between equal or mnn/, and apparent time. 

C. Will you tell us what you mean by the words equal and ap- 
parent^ as api)licd to time ? 

T. Equal or mean time is measured by a clock, that is supposed 
to go without any variation, and to measure exactly twenty-ff)ur 
hours from noon to noon ; and apparent time is measured by tlie 
t^ppmmt motbn of the son in the heavens, or by a good sun-dial. 

(7. And what do yon mean, sir, by the eqnaium ^time? 

T, It is the adjustment oi the difference of tmie» as shown by a 
wdl-zegnlated dock and a tme snn-diaL 

/. Upon what does this difference depend ? 

T, It depends^ Jirst, upon the inclination of the earth's axis; 
and, secondly, npon the eliiptic form of the earth's orbit; for, as 
we have abre^y seei^ the earth's orbit being an ellipse, its motion 
is quicker when it is in perihelion, or nearest to the snn; and 
slower wlien it is in aphelion, or farthest from the sun. 

C. But I do not yet comprehend what tlie rotation of the earth 
has to do with the going of a watch or clock. 

T. The rotation of the earth is the most equable and uniform 
motion in nature, and is completed in 23 houi*s, GO minutes, and -l- 
seconds : this space of time is called a sidereal day, because any 
meridian on the earth will revolve from a fixed star to that star 
again in this time. But a solar or natuial day, which our clocks 
are intended to measnre, is the time which any meridian on the 
earth will take in leftdving from the sun to the snn agnun, whidi 
is abont 84 hours, sometimes a little more, but oftener less. 

/. What occasions this difference between the solar and sidereal 
day? 

T. The distance of the fixed stars is so great, that the diameter 
of the earth's orbits though 190 millions of nulei^ is, when com* 
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pared with it, but a point, and therefore any meridian on tlie earth 
^vili revolve froni a nxed star to that star a^^ain in exactlv the same 
time, as if the earth had only a diurnal motion, and remained always 
in the same part of its orbit. But, with respect to the sun, as tfie 
earth advances almost a degree eastward in its orbit, in the same 
time that it turns eastward round its axis, it must make more than 
a complete rotation before it can come into the same position with 
tbe sun that it had the day before. In the same wav^ as when 
both the hands of a clock or watch set off together at tweive o'clock, 
the minute-hand mnst travel more than a whole drde before it will 
OTertake the hour-hand, that is, before they will be in the same 
rehxfcive position again. Thus the sidereal days are shorter than the 
solar ones by about four minutes, as is evident kom observation 

Watch with nice eye the earth's diurnnl wny, 

IfMrkiiig' her uUr and tidereai daj ; 

Har alow mutation, aad her varjrinff clime, 

Aad traea with mf mie an tba mareh «f time. BoramcAl. Oakdch. 

C. Still I do not understand the reason why the clocks and dials 

do not agree. 

T. A good clock is intended to measure that equable and uni- 
form time which the rotation of the earth on its axis exliibits ; 
whereas the dial measures time by the apparent motion of the sun, 
which, as we have explained, is subject to variation. Or thus : 
though the earth's motion on its axis be perfectly uniform, and 
consequently the rotation of the equator is likewise equable, yet 
we measure the length of the natund d^ by means of the sun, 
whose appareni annual motion is not in the equator, or any of its 
parallels, mit in the ediptio^ which is oblique to it\ 

/. Do you mean by this, that the equator of the earth, in its 
annual joum^, is not always directed towards the centre of the 
sun ? 

T. I do; twice only in the year, a line drawn from the centre of 
the sun to that of the earth passes through those points where the 

equator and ecliptic cross one another ; at all other times it passes 
througli some other part of that oblique circle, which is represented 
on the ii'lobc by the ecliptic line. Now when it passes through 
the equator or tbe tropics, which are circles parallel to tlie equator, 
the sun and clocks go together, as far as regards this cause ; but 
at other times they differ, because equal portions of the ecliptic 
pass over the meridian in utiequal parts, of the time, on account of 
its obli([uitv. 

C. Can you explain this by a figure P 

T. It is easily shown the g^be, this figure T v s may 
represent; r ^ mil be the equator, T S ^ the northern hau 
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of the ecliptic, and T ^ ^ the 
southern half. Make chalk or pen- 
cil marks b, e, y, h, ail 
round the equator and ecliptic^ at 
equal distances (suppose 20 degrees) 
fiom each other, beginning at Aries. 
Kow by tnniing the giobe on its 
axis, you inll peroeiye that all the 
marks in the nist quadiant of the 
ed^}^,tiiatis, from Aries to Canoer^ 
come sooner to the brazen meridian^ 
thaa their conesponding marks on 
the equator ; — those from the begin- 
ning of Cancer to Libra come later : — ^those from Libra to Capri- 
corn sooner : — and those from (^apiicom to Aries later. 

Now time is mejisured by the sim-dial as represented by the 
marks on the ecliptic; that measured by a good dock> by those on 
the equator. 

C. Then, while the sun is in the first and third quarters, or, 
what is the same thing, while the earth is travcUing through the 
second and fourth quarters, that is, from Ciuiccr to Libra, and from 
Capricorn to Aries, the sun is faster than the clocks, and while it 
is travelling the other two (juarters it is slower. 

T, Just so : because^ whue the earth is trayelling through the 
seccmd and fourth quadrants, equal portions of the ediptio come 
90oner to the meridini than their corresponding Darts of the equa> 
tor : and during its journey through the first ana third quadrants, 
the equal parts of the ecliptic arrive kUer at the meridian than 
their corresponding parts of the equator. 

/. If I understaiul what you naye been saying, the dial and 
clocks ought to agree at the equinoxes, that is, on the 20th of 
March ana the 23d of September ; but if I refer to the Eplieme- 
ris, I find that on the former day (1822) the eloek is almost 8 
minutes before the sun ; and on the latter day the clock is almost 
8 minutes behind the sun. 

T. If this dift'erencc between time measured by the dial and 
clock depended only on the inclination of the earth's axis to the 
plane of its orbit, the clock and dial ought to be together at the 
cquhioxes, and also on the 21st of June and the 21st of Dccenil)er, 
that is, at the summer and winter solstices ; because, on those 
days the appareni revolutton of the sun is parallel to the equator. 
But I told you there was another cause wny this difference sub- 
sisted. 

. C. You did : and that was the elliptic form of the earth's orbit, 
r. If the earth's motion in its orbit were uniform, which it 
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would be if the orbit were circular, then the whole difference be- 
tween equal time as shown by the clock, and apparent time as 
shown by the sun, would arise from the inclination of the earth's 
axis. But this is not the case, for the earth travels, when it is 
nearest the sun — that is, in the winter, more than a degree in 24 
hours, and when it is farthest ttom the sun, that is, in summer, less 
than a degree in the same time : ooiiseqiientlj frcm thie caoae the 
natmai day would he of the greatest length whoi the earth was 
nearest the sun, for it must ocmtinue tuning the bngest time after 
an entire rotatiOD, in order to bring the meridian of any place to 
the sun again: and the shortest day would be when tfo earth 
mo^es the slowest in her orbit. Now these inequalities, combined 
witli those arising from the inclination of the earth's axis, make up 
that difference which is sliown by the equation table, found in the 
Ei)hcmeris, between good clocks and true sun-dials. There is 
another cause arisini; iVoni what astronomers call the equation of 
precea.sioN in r 'ujht uacension ; but its effects arc very small, and the 
explication too intricate to be introduced now. 



CONVERSATION XIIL 

Of Leajp-Year^ and the Old and New Stales, 

J, Before we quit the subject of time, will you ffive us some 

account of what is called in our almanacs Leiqfhyear r 

T. I will. The length of our year is, as you know, measured 

by the time whicii the earth takes in perfonnin^ her journey round 
the siui, in the same mamier as the length of the day is measured 
by its rotation on its axis. Now, to compute the exact time taken 
by the earth in its annual journey, was a work of considerable 
dilFicidtv. Julius Ca?sar was the first person w^ho seems to have 
attained to any accuracy on this subject. 

C. Do you mcun the iiist Eomau emperor, who landed also in 
Great Britain P 

T. I do. He was not less eelebnited as a man of science, than 
he was renowned as a general: of him it was said» 

Amidat Um hwrf tunaltnom war, 
The sun, Xht ffods, the h««veiiB w«re stiU hit can ; 
Nor dl4 hU tkUl to is tkt roUinr year 
laftiior to Badoxoif t% •ppmr. 

Julias Gaesar, who was well aoquainted with the leandng of the 

Egyptians, assumed the length of the year to be 365 dajs and 6 
hours, wluch made it 6 hours longer than the ^^rptian year. 
No^, in order to allow for the odd 6 hours in each year, he intro- 
duced an additional day eveij fourth year, which aocordingfy eon- 
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slsta of 366 days, and is called Leap-Year^ while the other three 
have only 365 days eacL !Fiom him it was dexkominated the 

Julian year. 

/. It it also called BimxixU in the Almanacs ; what does that 
mean ? 

T. The Romans inserted the intercalary day between tlie 23d 
and 24th of February: and because the 28d of Eebriiary, in their 
calendar, was called sexto caUndm Martii, the Gth of the calends 
of March, the intercalated day was called bis scd io calendas Martii^ 
the seooi^ nzlih of the oalraulB of Maich, and henee tbe year <^ 
intercalation had the appellation of BiuesMe, This day was 
ehoeen at Eome, on aoconnt of the expnkion of Targmn from the 
throne, whieh happened on the 23d of Febmary. We introdnoe 
in Leap- Year a new day in the same month, namely, the 29th. 

C. Is there any rule for knowing what year is Leap- Year ? 

T, It is known b^ dividing the aate of the year by 4 ; if there 
be no remainder it is Leap- Year: thus 1823 divided bv 4, leaves 
a remainder of 3, showing that it is the third year alter Leap* 
Year. 

/. The year, however, does not consist of 3G5 davs and 6 hours, 
but of 3G5 days, 5 hours, 48 minutes and 49 second.* ' Will not 
this occasion some error ? 

T. It will : and by subtracting the latter number from the 
former, vou will find that the error amounts to 11 minutes and 11 
seconds every year, or to a whole day in about 130 years: not- 
withstanding iiia, the Julian year continued to be in general use 
tiU the year 1583, when Pope Qregory XTTT undertook to leetifV 
the error, which at that tune amounted to ten days. He aocorcU 
ingly oommanded the ten days between the 4th and 15th of Octo- 
b^ in that year to he sup])ressed, so that the 5th day of that 
montli was emled the 15th. Ti lis alteration took place through the 
greater part of Europe^ and the year was afterwards called the 
Gregoiian year, or Neta Style. In this country, the method of 
reckoning, according to the New Style, was not admitted into our 
calendars until the year 1752, when the error amounted to nearly 
1 1 days, which were taken from the month of September, by cali- 
ing the 3d of that inontli the 14th. 

C. By what meims will this accuracy be maintained ? 

T. The error amounting to one whole day in about 130 years, 
it is settled by an act of parliament, that the year 1800 and tlu; 
year 1900, whicli are, according to the rule just given. Leap- Years, 
shall be computed as common years, having only 365 days m each : 
and that every four hundredth year afterwards shall be a common 
year also. If tiiia mt^Jiod be adhered to, the present mode of 

• Sm CoBT»r«nti«n IX. 

7 
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rcr kDiiii)^^ wiii not vary a single daj Xrom true time, in leas than 

5000 years. 

By the same act of parliaiiieiit, the le^^l bep^inning of the year 
was changed from the 25th of March to the 1st of January. So 
that the succeeding mouths of January, Febniary, and March, up 
to the 2 Ith day, which would, by the Old Style, have l)eeii reckoned 
part of the year 1752, were aoooiintedas the first three months of 
the year 1758. Hence we somednieB tee such a date ae this» Feb. 
10, 1774-5, that is, aooofdiiur to the Old Style it was 1774^ but 
aooordm^ to the New it is 1775, beoaaae now the year begnia in 
January instead of March. 

The Old Style still prevails in BiisBia : bat in eray other part 
of Europe it is now abolished. 



CONVERSmON XIV. 
0/ the Moon* 

T, You are now, gentlemen, acquainted with the reasons for the 
division of time into days and years. 

C, These diyisions have their foundation in nature : the former 
depending upon the rotation of tlie earth on its axis ; the UUier 
upon its revolution in an elliptic orbit about the sun as a centre of 
motion. 

/. Is there any natural reason for tlic division of years into 

weeks, or of days into hours, minutes, and seconds ? 

T. Tile lirst of these divisions was introduced by Divine autho- 
rity ; the second class was invented for the convenience of man- 
kind. There is, however, another division of time marked out' by 
nature. 

C. What is that, sir ? 

T. The length of the month : not indeed that month which con- 
sists of four weeks, nor that by which the year is divided into 12 
parts. These are both arbitrary. But by a month was originally 
meant the time which the moon takes in performing her journey 
round the earth : 

TheriBBrltcd ntironomm with kcracr cv«s 

/. How many days does the moon take for this purpose P 
T» If you rerar to the time in which the moou revolves from 
one point of the heavens to the same point again, it consists of 87 
days, 7 hours, and 43 minutes ; this is called the pmodiealmoatik : 
but if you rc^ to the time paiBsed from new moon to new moon 
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tajanf the month consists of 29 dajB^ 12 hours, iiui 44 mrnvtear^ 

this is ^called the synodical mouth. 

C. Pray explain the reason of this difforonpc. 

T. It is occfisioned bv the earth's annual motion in its orbit. 
Let ns refer to our watch as an example. The two bauds arc 
together at 12 o'clock ; now, when the minute-hand, has made a 
complete revolution, are they together again ? 

J. ^l O; for the hour-hand is advanced the twelfth pai*t of its 
revolution, wluch, in order that the other may overtake, it must 
travel live minutes more than the hour. 

T, And something more, for the honr^liaiid does not mii at the 
figure 1, tiU the other comes np^ : and therefore they will not be 
together till between 6 and 6 minntes after one. 

Ncfw appl^ this to the earth and moon : suppose s to be the son; 
T tiie earth, in a part of its orbit a l; and b to be the position of 




nr It. 



the moon : if the earth had no motion, the moon would move round 
its oibit X H c into the position e again, in 27 days, 7 hours, 43 
minates ; but while the moon is describing her journey, the earth 
has passed through nearly a twelfth part of i&.orbit, which the 
moon must also aescribe before the two bodies come again into the 
same position that they before held with respect to the sun ; this 
takes up so much more time as to make her svnodical month equal 
to 29 days, 12 hours, and minutes : hence the foundation of the 
division of time into months. 

We will now proceed to describe some other particulars relating 
to the moon, as a body depending, like the earth, on the sun for 
her light and heat. 

C. l)o€a the uioon shine with a borrowed light only ? 

T, This is certain; for otherwise, if, like tue sun» she were a 
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liimuKm body, she would ahrajs dune with a foU ofb as the tnn 
does: 

LtM MglU the moon, 
B«top|Nitilc !n Icveirowrtt was Mtf 

MU minor, with full fare fjorrom/ing hfir lig-Tit 
From him, for uiher light she Ufa»d noue. 

Her diameter is nearly 2200 niilrs. 
/. And I remember she is at the distance 240^000 miles from 

the earth. 

T. The sun s (in the last fij?.) always enlightens one half of the 
moon K ; and its whole enlight(nied hcmisplicrc, or a part of it, or 
none at all, is seen by us according to her different positions in the 
orbit with respect to the earth : for only those parts of the en- 
lightened half of the moon are visible at T which are cut off by, 
and are toUhin, the orbit. 

/. ThenwlieiithemooiiisaiE, no part of its enlig^teiied side 
is visible to the earth? 

T, Yon are right ; it is then new moon, or change ; for it is 
usual to call it new moon the first day it is Yisible to the earth, 
which is not till the second day after tne change. And the moon 
bei^ in a line between the snu and earth, thej are said to be in 
conjunction. 

C. And at a, all the illuminated hemisphere is turned to the earth. 

T. This is called full moon ; and the earth being between the 
sun and moon, they are said to be in opposlfinn. Ine enlightened 
parts of the little figures on the outsiac of the orbit represent the 
appearance of the moon as seen by a spectator on the earth. 

/. Is the little figure then opposite E wholly dark to show that 
the moon is invisible at change f 

It is : and, when it is at F, a small part of the illuminated 
honisphere is vMlan the moon's orbit, and therefore to a spectator 
on the earth it appears homed ; at g one half of the enlightened 
hemisphere is visible, and it is said to be in quadrature : at H three- 
fourths of the enlightened part is visible to the earth, and it is then 
said to be gibbous : and at a the whole enlightened face of the 
moon is tamed to the earth, and it is said to oe /uU, The same 
may be said of the rest. 

The horns of the moon, before conjunction or new moon, are 
turned to the easl : alter conjunction they are turned to theoMi/. 
How beautifully is the moon described by Milton : 

Till the moon, 
KidBirf* «l0sdc4 mnj-iitjr, at lenrtb, 
ApVBNBft navril'd bcr pMrlMS Ughtf 

And o'er um dark hn wXlm Bmnil* flumr. Boolt It, 1. 0M. 

C. I sec the figure is intended to show that the moon's orbit is 
elliptical : does she also turn upon her axis P 
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T. She does; and she reqaires the same time for her dinniat 
rotadon as she takes in oompleting her revohitioii aboat the earth ; 
and consequently, thongfa eyeiy part of the moon is snooessivelj 
presented to the sun, yet the same hemisphere is always turned to 
the earth. This is known by observation with good telescopes. 

/. Then the length of a day and niffht in the moon is eqoal to 
more than 29 days and a half of oars r 

T. It is so : and therefore, as tlie length of her year, which is 
measured by her iouraey round the sun, is equal to that of ours, 
she can have but aDout twelve days and one third in a year. Another 
remarkable circumstance relating to the moon is, that the hemi- 
sphere next the earth is never in darkness ; for in the position E, 
when it is turned from the sun, it is illuminated by light reflected 
from the earth, in the same manner as we are cnliglitened by a full 
moon. But the other hemisphere of the moon has a fortnight's 
l^t and darkness by tnrns. 

C. Can the eartlC then, be considered as a satellite to the 
moonP 

T. It uronld, perhaps, be inaocmate to denominate the larger 
body a satellite to the smaller : but, with regard to affording re- 
flected light, the earth is to the moon what the moon is to the 
earth; and subject to tiie same changes of homed, gibbons^ full, &c. 

C. But it must appear much larger than the moon. 

T. The earth will appear, to the inhabitants of the moon, about 
13 times as large as the moon appears to us. When it is new 
moon to us, it \^ fidl earth to them, and the reverse. 

/. Is the moon then inhabited as well as the earth ? 

T. Though we cannot demonstrate this fact, yet there are many 
reasons to induce us to believe it : for the moon is a secondarv 
planet of considerable size ; — its surface is diversified like that of 
the earth with mountains and valleys; — the former have been 
measured by Dr. Herschel, and some of them found to be about a 
mile in heiAt. The situation of the moon, with respect to the 
sun, is mudi like that of the earth ; and by rotation on her azis^ 
and a small inclination on^ that axis to the plane of her orbit, she 
enjoys, though not a considerable, yet an agreeable variety of day 
and night and of seasons. To the moon, oar globe appears a 
capital satellite, undergomg tlic same changes of illumination as 
the moon docs to the earUi. The sun and stars rise and set there 
as they do here, and heavy bodies will fall on the moon as they do 
on the earth. Dr. Herschel discovered some years aero three vol- 
canoes, all burning, in the moon ; two of them appeared to him 
nearly extinct, but the third showed an actual eruption of fire or 
luminous matter. He thought the eruption resembled a small 
piece of burning charcoal when it is covered by a thin coat of 
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white ashes, which frequently adhere to it when it has been ig- 
nited some time. But no hirge seas or tracts of water have been 
observed in the moon, nor is the existence of a lunar atmosphere 
certain. Therefore, it" she has inliabitants, they must materially 
differ from those who live upon the earth. 



CONVERSATION XV. 

0/ Eclipses. 

C. Will you, sir, explain to ns the nature and causes of eclipses? 
T. 1 will, with great pleasure. You must observe^ then, that 
eclipses depend upon this simple principle, that all opaque bodies^ 
when exposed to auj light, cast a shadow behind them. 

/. Tlie earth, bemg a body of tins kind, must cast a very large 
shadow on the side opposite to the sun. 

T. It does ; and an eclipse of the moon hap- 
pens when the earth t passes betw^eeen tlie sun 
s and the moon m ; for then the earth's shadow 
is cast on the moon. 
€, Wlien does this happen? 
T, It is only when the moon is full, tstmcp- 
posUum, tiiftt it can oome within the shadow of 
tiieear^ 

/• Edipses of the moon, however, do not 
happen every time it is full : what is the reason 

of this ? 

T, Because the orbit of the moon does not 
coincide ^vith the plane of the earth's orbit, but 
one hcdf of it is elevated about five degrees and a 
third above it, and the other hidf is as much below 
it : and therefore, uidcss the full moon happen 
in or near one of the nodes, that is, in or near 
the points in which tlie two orbits intersect each 
piff. i«. other, she will pciss above, or below the shadow 
of the earth, in which case there will be no eclipse. 

' C What is the greatest distance from the node, at which an 
edhose of the moon can h^pen F 

T. Thm can be no edipse, i£ the moon, at the time when she 
is full, be more than twelve degrees from tiie node : when she is 
within that distance, there will be 9k partial or t<M eclipse, accord- 
ing as a part, or the whole disc or nee of the moon, falls within . 
the earth's shadow. If the eclipse happen exactly when the moon 
is M in the node, it is called a coitral edipae. 
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J. I suppose the duration of the eclipse lasts all the time that 
the moon is passing through the shadow. 

T. It does : ana von ooservc that the sliadow is considerably 
wider than the moon's diameter ; and therefore an eelipse of the 
moon lasts sometimes three or four hours. The shadow also, you 
perceive, is of a conical shape, and oonsequently, as the moon's 
oilnt is an ellipse and not a cadi^ the moon will, at different 
times^ be eclipsed when she is at diffmnt distances ftom the earth. 

C. And, according as the moon is nearer to, or farther from the 
earth, the eclipse will be of a greater or k»i doration : for the 
shadow being conical becomes IcM and less, as the distanoe finmi 
the body by which it is cast is greater. 

T, It is Tby knowing exactly at what distance the moon is from 
the earth, and of course the width of the earth's shadow at tlmt 
distance that all eclipses arc calcidatcd with considerable accuracy, 
for many years before they ha})pcn. Now it is found that, in all ' 
ccUpscs, tlie shadow of the cailh is conical, which is a demonstra- 
tion, that the body by which it is projected is of a s})herical form, 
for no other sort of fisrure would, in all jmifiotis, cast a conical 
shadow. Tliis is mentioned as another proof, that the earth is a 
spherical body. 

/. It seems to prove another thing, viz. that the sun mnst be a 
larger body than am earth. 

T, Yonr condiudon is just, for 
if the two bodies were eqnal to 
one another the shadow would be 
cylindrical ; and if the earth were 
tfie lar^r bodj, its shadow would 
be of the figure of a cone, which 
had lost its vertex, and the farther 
it were extended the larger it 
would become. In cither case the 
shadow would run out to infi- 

nite space, and accordinirly must sometimes involve in it the other 
planets, and eclipse them, which is contrary to fact. Therefore, since 
the earth is neither larp^cr than, nor equal to the sun, it m\ist be 
the lesser body. We will now proceed to the eclipses of the sun, 
C. How are these occasioned ? 

T, An eclipse of the sun happens when the moon m, passing 
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the sun s and the earth t, mteroepts the sun's light, and fainden 

it from eommg to the earth. 
/. The son then can be eclipsed only at the new moomP 
T. Gertainfy; for it is only when the moon is in ctn^mdum that 

it can pass directly between the sun and earth. 

(7. Is it only when the moon at her coninndion is near one of 
its nodes, that there can be an eclipse of tne sunP 

T. An eclipse of the smi depend upon this circumstance : for 
unless tlio moon is in, or near one of its nodes, slie cannot appear 
in the same place with the sun, or seem to pass over his disc. In 
every other part of the orbit, she will appear above or below the 
sun. If the moon be in one of the nodes, she will, in most cases, 
cover the whole disc of the sun, and produce a total eclipse : if 
she be anywhere witliin about 16 degrees of a node, a jpariial 
eclipse will be produced. 

The sun's diameter is supposed to be divided into 12 equal 
parts, called dibits, and in ev^ partial eclipse, as many of these 
parts of the sun's diameter as the moon covers, so many digits 
are said to be edipsed. 

/. I have heard of amutlar edipses ; what are they, sir P 

T. When a ring of light appears round the edge of the moon 
during an edipse of the sun, it is said to be annular, from the 
Latin word anmlus, a ru^: this kind of eclipse is occasioned by 
the moon being at her greatest distance from the earth at the time 
of an eclipse ; because, in that situation, tlie vertex, or tip of the 
cone of the moon's shadow, does not reach the surface of the earth* 

C, How long can an ccli]>se of the sun last ? 

T. A total eclipse of the sun is a very curious and uncommon 
spectacle ; and total darkness cannot last more than three or four 
minutes. The best observations of a total eclipse were those made 
on July 8, 1S42. M. Arago collected them from various quarters, 
and published a very iiistructive memoir on the subject. 

C. I shonld like to hear what he says of the eflect of the 
darlmess. 

T, In some places conTohnlns and other flowers dosed during 
the eclipse. Tne darkness was not total; and objects presented a 
liYid greenish appearance. A dop, to whom bread was Ihrown, 

ceased eating it, as soon as the echpse became total; another dog 
took refuge between his master's legs ; horses, oxen, and asses 
stopped suddenly when the darkness came ; fowls left their food 
ana retired to roost; a lien gathered her young beneath her win^s; 
ducks fled toward the bank ; ants even stopjied their course, and did 
not continue journeying,' on until the sun again appeared ; bats 
and owls came from their retreats, as if it were night ; swallows dis- 
appeared; birds ceased to sing; and bees returned to their hives. 
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C. If I were unaware of the approach of an eclipse, I tiiink I 
should feel very much alamied at tne unusual darkness. 

T. There was a child just in such a prcdieanicnt ; he was tend- 
ing^ a flock in the Alps, and to his horror, he saw the sun craduidly 
losing its brightness, and no cloud near. "When all the light had 
gone, he burst into tears, and called for help : but when he again 
wwikt light retnniiiig, he crossed his hands, and cried out, "Oh, 
beaiitiM sun!" 

^ C. Haye not eclipses been esteemed as omens presaging some 
direM calamity ? * 

T, Till tlie causes of these appearances were discovered, thej 
were generally beheld with terror by the inhabitants of the worlcf, 
which fact is beautifiUly alluded to by Milton in the fint book of 
* Paradise Lost,' line 594 : 

As when the ena, new riica, 
Look» throusrh the hoiisontnl miity nir 
Shorn of hft Dcmns, or from b«hiud th<> mMM, 
In dim ecHpae, disaatrmiB twilicht ahada 
On half lha aatioaa, umI witk R«r abwM 
Parplastt aMwdM. 



CONVERSATION XVI. 

0/ the Tides. 

T, We will proceed to the consideration of the Tidee, or the 
ebbing and flowing of the ocean. 

/. Is this subject connected with astronomj? 

T. It is, inaamnch as the tides are occasioned by the attraction 
of the sun and moon upon the waters, but more particularly by 
that of the latter. You ^nU readily conceive that the tides are 
dependent upon some known and determinate laws, because, if yon 
turn to Wale's * Ephemeris,' you will see that the exact time of 
high water at London bridge on the morning and afternoon .of 
every day in the year is set down. 

C. I nave frequently wondered how this could be known with 
such a degree of accuracy : but I am told there is hardly a water- 
nmu that plies at the stairs but can readily tell when it will be 
high water. 

T, The generality of the watermen are probably as ignorant as 
yourself of the cause, by wMoh tiie waters flow and ebb ; but hr 
experience they know that the time of high water differs on each 
day about three quarters of an hour, or a little more or less, and 
therefore, if it be high water to-day at six o^clock, they wWi, at a 
guess, teU you, that to-morrow the tide will not be up till a quar- 
ter before seven. 
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/. Will vou explain the causes ? 

T. I will endeavour to do this in an easy and concise manner, 
witliout fatiguing your memory with a great variety of particulars: 

The ebba of t(dt«, and thHr myntpHmiH flovt 

We, art's alemcuu, aball uudersiaud. • Dkvdk.s. 

You must bear in your mind, then, that the tides are occasioned 
by the attraction of the sun and moon upon the waters of the 
earth : perha[)s a diiigram may ))e of some {issistance to you. Let 
A T oe supposed the carih, c^ts centre : let the dotted circle 

p 




N 
fir U' 



represent a mass of water covering the earth : let m be the moon 
in its orbit, sad s the sun. 

Since the force of gravity or at;b»ction diminishes as the squares 
of the distance increase,* the waters on the side t are more at- 
tracted by the moon m, than the central parts at c ; and the t)en- 
tral parts are more attracted than the wafers at a; con8e<]|uently 
thd waters at a will recede from the centre ; therefore, while the 
moon is in the situation m, the waters will rise towards a and b 
on the opposite sides of the earth. 

C. You nu'au that the waters will rise at a by the immediate 
attraction of the mf)on M, and will rise at L by the centre C receding 
and leaving them more elevated there. 

T. That is the explanation. It is evident that the quantity of 
water being the same, a rise cannot take place at a ;uid b, without 
ihe j)arts at p and N bring at the same time depressed. 

J. hi tliis situation the water may be considered as assuiuing a 
spheroidal shape. 

T, 1£ the earlli and moon were without motion, and the earth 
covered all over with water, the attraction of the moon would 
raise it up in a heap in that part of the ocean to which the moon 
is vertical, and there it would always continue ; but, by the rota- 
tion of the earth on its axis, each part of its surface, to whicli the 
moon is vertical, is presented twice a day to the action of the 
moon, and thus are produced two floods and two ebbs : 

AltarMlt tIdM Ib Mmd ord« nui. BiiCUiORl. 
• Sm MMhMlca, CmimMiloM Vlt. f, lA. - 
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C. How twice a day? 

T. In the position of the earth and moon as it is in our figure, 
the waters are raised at a by the direct attraction of the moon, 
and a tide is accordingly piodnced; but when, by the earth's rota- 
tion, T comes, 12 hours afterwards, into the position a, another 
tide is occasioned by the receding of the waters there from the 
centre. 

/. You have told us tliat the tides are produced in those parts 
of the earth to which the moon is vertical ; but this effect is not 
confined to those parts ? 

T. It is not ; but tliere the attraction of the moon has the 
j^eatest effect : in all other parts her force is weaker, because it 
acts in a more oblique dii*ection. 

C. Are there two tides in every 24t horns? 

T. if the moon were stationary this would be the case; bat be- 
oanse that body is also prooeecung every day aboat 18 degrees 
from west to east in her mit, the wth must make more than one 
revolution on its axis before the same meridian is in ooiuunction 
with the moon, and henoe two tides take phice in about 84 horns 
and 50 minutes. 

/. But I remember when we were at the sea-side, that the tides 
rose higher at some seasons than at others : how do you account for 
this? 

T. The moon goes round tlio earth in an elliptic orbit; and, 
therefore, she approaches nearer to the earth in some parts of her 
orbit than in others. When she is nearest, the attraction is the 
strongest, and consequently it raises the tides most ; and when 
she is farthest from the earth, her attraction is the least, and the 
tides tlie lowest. 

J. Do they rise to different heights in different places ? 

T, They do : in the Black Sea and the Meditenranean the tides 
are scarcely perceptible. At the mouth of the Indus, the water 
rises and faUs full 30 feet. The tides are remarkably high, on the 
coast of Malar, in the Straits of Sunda, in the Bed Sen, along 
the coasts of China, Japan, &c. In general, the tides rise highest 
and strongest in those places that are namwest. 

C. You said the sun^ attraction occasioned tides as wdl as that 
of the moon. 

T, It does ; but owing to the immense distance of the snn from 
the earth, it produces but a small effect in comparison of the 
moon's attraction. Sir Isaac Newton computed, tliat the force of 
the moon raised the water in the crreat ocean 10 feet, whereas that 
of the sun raised it only 2 feet. VVhen both the attraction of the 
sun and moon act in the same directiou, that is, at new and full 
moon, the combined forces of both raise the tide 12 feet. But 
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when the moon is in herquarters,the att ractiouof one of these bodies 
raises the water, while that of the other depresses it; and, there- 
fore, the smaller foree of the sun must be subtracted from that of 
the moon; consequently the tides in the midst of the ocean will be 
no more than 8 feet. The higlicst tides are called spring tides, 
anil the lowest are denommated neap tides. 

/. I understand that, in the former ease, the height to which 
the tides aie raised must be calculated by oddity togetber the 
•ttractioiis of the son and moon; and in the ktter, it must be esti- 
mated hj the iiffermce of those attractions. 

T, Ton are nffht. When the son and moon are both vertical 
to tlic equator of the earth, and the moon at her least Stance 
from the earth, then the tides are highest. 

C. Do the highest tides happen at the equinoxes P 

T, Striotlj speaking, these tides do not happen till some little 
time after, Dccauso in this, as in other cases, the actions do not 
produce the greatest cfTect when tliey are at the strongest, but 
some time afterwards : thus the hottest part of the day is not 
when the sun is on the meridian, but between two and four o'clock 
in the afternoon. Another circumstance must be taken into con- 
sideration : the sun being nearer to the earth in winter than in 
summer, it is of course nearer to it in February and October than 
in March and September ; and therefore, all these things being 
put together, it will be found tliat the greatest tides happen a 
little before the vernal and some time uter the automnai equi- 
noxes. The ^bahle times of the greatest tides in each year ace 
given in White's 'Ephemeris;' a most useful almanac for all 
young astronomers. 

/. Since the attraction of the moon has a greater eflfeot in pro* 
ducing the tides than that of the sm^ it is natural to conceive, 
that we magnitude of the tidc» varies mth the distance of the 
moon from the earth. 

T. You are perfectly right in that conjecture. The moon's at- 
traction upon the waters is greatest when slie is in her perigee, or 
nearest the earth ; and it is least when she is in her apogee, or the 
point farthest from tho earth. The tides are proportionally greater 
m the former ciise than in the latter. The moon's attraction is 
also greatest, all other thiiif]^ being the same, when she is in the 
equator. The moon's declination always has an effect, more or 
less, in retarding the actual time of hi^h water. Tables are given 
in several books of astronomy and navigation, by means of which 
the time of high water mav be accorately computed for any assigned 
place, for any particular aedination, and for the various positions 
wkh regaid to the moon's distance from the earth. 
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CONVERSATION XVIL 

Of the Harvest Moon, 

T. From what we said yesterday, yon will easily understand why 
the moon rises about three qnartera of an hoar later eyeij day 

than on the one preceding. 

C. It is owing to tlie daily progress which the moon is making 
in her orbit, on which account aii^- meridian on tlie earth must 
make more than one couiphite rotation on its axis, before it comes 
again into the same situation with respect to the moon that it had 
before. And you told us that this occasioned a diiTcrcnce of about 
60 minutes. 

T, At the equator this is genenJlT the difference of time be- 
tween the rising of the moon on one day and the preoediiig. Bat 
in places of considerable latitade, as that in whion we live^ there 
is a remarkable difference abont the time of harvest, when at Vbxt 
season of full moon she rises for several nights toother only 
aboat 20 minutes later on the one day than on that immediately 
preceding. By thoa soceeediiig the sun before the twilight is 
ended, tue moon prolongs the light, to the great benefit of those 
who are engaged in gathering in the fruits of the earth; and 
hence the full moon at this season is called the harvest moon. It 
is believed thai this was observed by persons engaged in agricul- 
ture, at a much earlier period than il was noticed by astronomers; 
the former a^eribi d it to the goodness of the Deity, not doubting 
but that he had ordered it so on purpose for their advantage. 

/. But the people at the equator do not enjoy this benefit. 

T, Nor is it necessary that they should, for in those parts of 
the earth the seaaosia vaiy bnt littie, and the weather changes bat 
seldom, and at stated times; to thorn, i^uen, moonlight ia not want- 
ing for gathering the fruits of the earth. 

C. Can yoa e:i^lain how it happens, that the moon at this sea- 
son of the year naea one day after another with so small a differ- 
ence of time ? 

T. With the assistance of a globe I ooald at <mce dear the 

matter up. But T will endeavour to give you a general idea of 
the subject witliout that iustrimient. That the moon loses more 
time in her risings when she is in one part of her orbit, and less 
in another, is occasioned by the moon's orbit lying sometimes 
more oblique to the hori7X)n than at others. 

/. But the moon's path is not marked on the globe. 

T. It is not; you may, however, consider it, without much error, 
as coinciding with the ecUptic. And in the latitude of London, as 
mnch of the ecliptic xiaea aboat iVsMt and Arm in two boon as 
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the moon goes through in six days ; therefore, while the moon is in 
these signs, she differs but two hours in rising for six days toge- 
ther, that is, one day with another, about 20 minutes kter every 
daj than on the preceding: 

ThomJa % tim* «reU kovvii to bnabaodmra. 
!• vMeh tb* ia«Mi ft ai«af Bight*, in nlA 
« Of thrtr avtvmaiil labmirt, elwcn the da»k 

Wttb her fttll lattrc, soon M Pbotbui hides 

• B«-ii«-nth the horizon hit propiltonx ii\y -. 

K«M ni« th»- nnifle of thf lirif, which hminds 

Thf niiiini K cniffr fioin thi* etiuntor, Howa 

(xtfritfr i>r lets, tht* orb of yiii fiiii Rhirn-s 

With It-ns or riMirr of ilifFfr«*uc»r lu nup ; 

In Arf$ Iritst this waggle: thi-tice ih« tnuou 

Ris«t with ■miilleiit varinucr of time*. 

When io tbi* tin sbo dircUt, iiud most pretrMto 

Her M^Mmlay (■ omr ooliglitmi'd vkfca. Lorrr. 

C. Is the moon in those signs at the time of harvest ? 

T. In August and September you know that the sun appears in 
Vir^o and Libr.i, and, of course, when the moon is yif/^she must 
be m the opposite signs, viz. Pisces and Arips. 

C. Will you explain, sir, how it is tiiat the people at the equator 
have no harvest moon ? 

T. At the equator, the north and south poles He in the horizon, 
and therefore the ecliptic makes the same angle with the horizon 
when Aries rises, as it does northward when Libra rises ; but as 
the harvest moon depends upon the different angles whii^ 
different partB of the ediptic rise^ it is evident tlwre can be no 
harvest moon the equator. 

The fiirther any place is from the equator, if it be not bevond 
the polar circles, the angle, which tiie ecliptic makes with the hori* 
zon, when Pisces and Aries rise, gradually diminishes^ and, there- 
fore, when the moon is in these signs, she rises with a nearly pro- 
portionable (Ufference later every (ky than on the former, and this 
18 more remarkable about the time of full moon. 

/. Why have you excepted the space on the globe beyond the 
polar circles? 

T, At the polar circles, when the sun touches the summer tropic, 
he continues 2 1 hours above the horizon, and 2 i hours below it 
when he touches the winter tropic. For the same reason, the fidl 
moon neither rises in the summer, when she is not wanted, nor 
sets in the winter, when her presence is so necessary. These are 
the only two full moons iHbich happen what the snn is in the tro- 
pics, for aU the others rise and set. In summer the foil moons are 
low, and their stay above the horiam short ; in winter they are 
high, and stay long above the horison. A wonderful displi^ this 
of the Divine wisdom and goodness, in apportioning the quantity 
of light, suitable to the various necessities of the inhabitants m 
the earUiy according to their different situations. 
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(7. At the poles, the matter is, I sappose, still different. 

T. There one half of the ecliptic never sdts, and the other half 
never rises; oonsequently, the sun continues one half year 
above the honcon, and the other half below it. The full moon 
being always opposite to the sun, can never be seen by the inliabit- 
ants of the ])olos, while the sun is above the horizon. But all the 
time that the sun is below the horizon, the full moon never sets. 
Consequently, to them the full moon is never visible in their sum- 
mer ; and in their winter they have it always before and after the 
fidl, sliining for 14- of our days and nights without intennission. 
And when the sun is depressed the lowest under the horizon^ then 
the mo<m ascends with her highest alLii ude. 

/. This indeed exhibits in a high degree the attention of Provi- 
dence to aUhis ciertnres. Bntif Inndirstand you, the inhabitants 
of the poles have in their winter a fortnight's light Mid daikness 
by turns? 

T, This would be the case for the whole six months that the 
snn- is below the horizon, if thm were no refraction,* and no sub- 
stitute for the light of the moon. But by the atmosphere's re- 
fracting the sun's rays, he becomes visible a fortnight sooner, and 
continues a fortnight longer in siglit, than he would do, were there 
no such property belonging to the atmosphere. And in those parts 
of the winter, when it would be absolutely dark in the absence of 
the moon, the brilliancy of the Ji/rora Borealis is probably so 
great as to afford a very comfortable degree of liglit. Mr. Heame, 
m his travels near the polar circle, has this remark in his journal : 
"December 21. The days were so short, that the sun only took 
a circuit of a few points of the compass above the horizon, and did 
not, at its greatest altitude, rise half way up the trees. The 
brilliancy of tiie Aurora Borealia^ however, and of the stars, even 
without the assistance of tilie moon, made amends for this defioien(7, 
for it was frequently so light all night, ^t I could see to read a 
small print," 

Thc^ advantages are poetically described by our Thomson : 

Bjfdanelaff meteors then, thnt cpairlrsi atek* 
A wMTinr dImsc nrfrnctrd o'er the h««v«Si| 
And vivid moons, and stnrs thnt kMnrr 
With doaM* luatr* from tb« fiinmj «m»t 
Bv'b ia the depth of iwlnr sir ht thmf tad 
A voadrous dny ; eiioiifrh lo iirht tlir ehiiw^ 

Or fo<de their daiing st«|)s to FinUnd ftifn. Wintsr, i, 899. 

* Th* nlilMt of Rofraelioa wiU h« vwjr partioalarly tsplaiaod whta w« oobm to Optic*. 
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CONVERSATION XYUl. 
Of Meremry. 

T. Having fully described the eartli and the moon, the former 
a primary planet, and the latter its attendant satellite, we shall 
next consider the other planets, in their order, with which, how- 
ever, we are less interest etl. 

Mercury, you recollect, is the planet nearest the sun ; and 
Venus is the second in order. These are called inferior planets. 

(7. Why are they thus denominated P 

T, Beouise they both revolve in orbits' which are indnded 
withm that of the earth ; thus in the diaCTam of the solar system, 
Mercury makes his annual journey round the sun in the orbit a ; 
Venus m ^ ; and the earth, farther from that luminary than either 

of them, makes its circuit in 
J. How is this known ? 

T. Hy observation : for ])y attentively watching the progress of 
these bodies, it is found that they are continually changini,^ their 
places amon^ the fixed stars, and tli.it they are never seen in op- 
position to the sun, tliat is, they are never seen in the western 
side of the heavens in the mornini^, wlicn he ap))ears in the east; 
nor in the eastern part of the heavens in the evening, when the 
sun appears in the west. 

'C. Then they may be considered as attendants upon the sun? 
^ 21 They may : M!ereui7 is never seen from the earth at a greater 
distance from the sun tlum about 28 degnees, or about as far as 
the moon appears to be from the sun on the second day sfter its 
change ; hence it is that we so seldom see him ; and when we do, 
it is for so short a time, and always in twilight, that suQicient ob- 
servations have not been made to ascertain whether he has diuniai 
motion on his axis ? 

/. Would you then conclude he has such a motion ? 

T. I think we ought ; because it is known to exist in all those 
planets, upon which observations of sulfieient extent have been 
made ; and, therefore, we may surely infer, without mueli proba- 
bility of error, tliat it belongs also to Mercury and Kerschel. 

C. At what distance is Mercury from the sun ? 

T. He revolves round that bojy at about 37 millions of miles 
distance, in 88 days nearly ; and therefore you can now tell me 
how many miles lie travels in an hour. 

/. I can ; for supposing his otbit circular, I must multioly the 
37 millions by 6*; which will give 222 miUions of miles tor the 
length ol his orbit ; this I shall divide by 88, the number of days 

• Or, M kt 9W t«mc«t ntaUiplj bj- 6>nL Sm f«f« M. 
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he takes in perfonniiiff his Jonrney, and the quotient resulting from 
this must be diyided Jy 2i, for the number of hoars in a day ; and 
by these operations I find that Mercury tiavels at the rate of more 

than 105,000 miles in an hour. 
C. How large is ^Icrcur}^ ? 

T. He is the smallest of all the planets, his diameter being onij 

sometliinj^ more than 3200 miles. 

J. But his situation being so much nearer to the sun than ours, 
he must enjoy a considerably greater share of its lieat and light. 

T. ^So nuicli so, as would iydeed infallibly burn everything be- 
longing to the earth to atoms, were she similarly situated. The 
heat of tlie sun, at Mercury^ must be 7 times greater tliau our 
summer heat : 

Mercury the first, 
Kmr boHering: od the dny, with ipcedj wheel 
Klira switVst < d, iuHiimiug^ where M MBIM, 

With tmtufM •plcudoar, ail Um miim tosad. M4ULiR's IxoOMWir, 

C, And do jou imagine that^ thus ciicamstanoed, this planet 
can be inhabited ? 

T. Not by such beings as we are : you and I could not long exist 
at the bottom of the sea ; yet the sea is the habitation of millions 
of living creatures : why then mav there not be inhabitants in 
Mercury, fitted for the enjoyment oi the situation which that planet 
is calculated to afford ? It' there be not, we must be at a loss to know 
why such a body was formed : eertaiidy it eould not be intended 
for our benefit, lor it is rarely even seen by us. 

AsU fur whnt end the henv'nly bodies shine! 

Enrth i'ur whose ufte ! Pntle niiawers, " 'TU for mioe ; 

suns to l>(^ht me riMU 

My footstool earth, my cauopy the skiet* Pof B. 

Bat do theae worlda display their bMiBti or fuld* 

Their orba, to aarTc thy nec, to piMM thf ptidtt 

Thyself b«t dtist, thy stature hut • 

A meinent thy dnratiou ; fbellah mait! 

At well may the miuutest emmet say. 

That Cnuciisus was rniked to pare his way ; 

Tlif niiiiil.thnt L'-brt tiiiij'» fxl»-ii(Jrd ivoiid 

Wns d<'»tiiit-tl only tor his walk and food ; 

The vilest cockle ^npiog- on the const 

Thnt rounds the ample seas, ns wi ll may boast, 

The crng-gry rock projects «bove the sky, 

Thnt he in safety at its foot may lie \ 

And the whole ocean's eoufluent waters swell 

Oaljr to qnonoh hi* thint, or mora oad hlaaeli hia •hoU. Faiott. 



CONVERSATION XIX. 

T. We now proceed to Yenns, the second plsnet in the order of 
the solar system, but by £ar the most beautifm of them all :~ 

8 
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Fklrtat of stara, lact ia the trnin of nipht. 

If brtter thou belongs not to the dawn, 

8iir« plrdpe of dny, thnt crown'st tlip Kmilinr mOTB 

With thjr bright circlet, praike him lu tb/ a^Mre* 

White daf ana«a» Aa« awttt hoar »f i«im«. Mrtioir. 

/. How far is Yenos from the sun ? 

T. Tliat j>lanet is 68 millions of miles from the sun, and she 
finishes her joumevin 224'| days; consequently she must travel at 
the rate of 75>000 miles in an hour. 

C. Venus is larger than Mercury, I dare say ? 

T. Yrs, she is nearly as lar<7e as the cartli, wliich she resembles 
also in other respects, lier diameter being about 77()<) miles, and 
she has a rotation about her ax.is in 123 hours and 20 minutes. 
The (juantity of liirht and heat whieli she enjoys from the sun, 
must 1)0 double that whick is experienced by the inhabitants of 
tliis globe. 

./.Is there also a difference in her seasons, as there is here ? 
T, Yes, in a much more considerable degree. The axis of Yenus 
inclines aJ^ut 75 degrees, but that of the earth inclines onlj 23 de- 
nees; and as the yariety of the seasons in every planet depends on 
tiie degree of the inclination of the ads, it is evident that the sea- 
sons must yaiy more with Yenus than with us. 
C* Yenus appears to us larger sometimes than at others. 

T, She does ; and the 
great variations of the ap- 

Sarent diameter of Venus 
emonstrate that her dis- 
tance from the earth is ex- 
ceedingly variable. It is 
the krgest when the planet 
passes over the disc of the 
sun; that is, as we shall 
soon see, when there is a 
transit. Suppose s to be 
the sun, t theearth inher 
orbit, and a, 6, e, d, e,^, 
Venus in hers ; now it is 
evident that when Venus 
is at a, between the sun 
mg' 17. and the earth, she would, 

if visible, appear much larger than when she is at d in opposition. 

/. That IS because she is so much nearer in the fonner case than 
in the hitter, being in the situation a but 27 millions of miles from 
the earth t, but at d she is 1 63 millions of miles off. 

T. Now, as Venus passes from a, through c, to d, she may 
be observ ed, by means of a good telescope, to have all the same 
pliases as the moon lias in passing from new to full; therefore 
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when she is aid she is fall, and is seen nmoii^ the fixed stars : 
during her journey from dtoe, she proceedvS with a direct motion 
in her orbit, and at e she will appear to an inhabitant of the earth, 

for a few days, to be sfnfionaryy not seeming to ehange her place 
among the iixed stars, for she is cominf]^ towards the earth i^i a 
direct liue : but in passing from e to /*, though still w4th a direct 
motion, yet to a spectator at t, her course will seem to be back 
again, or refror/rad^, for she will seem to have gone l)aek from z to 
y ; her patli will appear retrograde till she fjcts to c, when she will 
again appear sfatiomry, and id'Lcrwuids from c to d, it will be direct 
amongtne fixed stars. 

C, When is Yeniis an evening and when a morning star? 

T, She is an evening star alTthe while she appears ea^ of the 
van, and a morning star while she is seen ipest of him : 

K«xt Vennt to th* wmhmtrd of the saa. 
Fall 9th' A her Am*, « mMmi jpUia ttrilfbl 
CirclM hrr laiwrroiiM* Fair witndmg star. 
Tfcat Umia on oawalair d*J joadwr warii, 

Th» $«mt 0f Mmm. Mallett's ExwntlON. 

When slic is at a she will be invisible, her dark side being towards 
us, unless she be exactly in the node, in which case she will pass 
over the sun's face like a little black spot. 

/. Is that called the transit of Veuus P 

T. It is; and it happens twice only in. aibont 120 years. Bv 
this phenomenon astronomers have been enabled to ascertain with 
great aocnraqr the distance of the earth from the snn ; and, havin^^ 
obtained this, tiie distances of the other planets are easily found. 
By the two transits winch happened in 1761 and 17C9, it was 
clearly demonstrated, that the mean distance of the earth from the 
son was between 95 and 96 millions of miles. 

The next transit of Venus will be in December, 1874. 

C. How do you find the distanc(\s of the other planets from the 
sun, by knowing that of the earth r* 

T. 1 will endeavour to make this plain to you. Kepler, a great 
astronomer, discovered that all the planets arc subject to one ge- 
neral law, which is, that the squares of their periodical times are 
proportional to the cubes of their distances from tlie sun. 

J, What do you mean by the pmodieal tmesf 

T. I mean the times which the planets take in revolying round 
the snn; thus the periodical time of the earth is 365i days ; that 
of Yenns 224i days ; that of Mercury S8 days. 

C. How then would you find the oistance of Mercury from the 
sun? 

T. By the rule of three: 1 would say as the square of 365 days 

• The rcmrxltitler of this eoovertntion nnfty be omitti'd hy thoie yoanpr prraous who are 
not expert in arilbmotieiil o|>erations. The author, huwever, koowr* f'roui cz|>erieuce iluit 
«hlldi«tt mmjt «t • my —^f •f*t ^ W««f h» to raimtud tkmm Ugkir parts ft Mltbmtita. 
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(the time which the earth takes in revolying about the sun) is to 
the square of 88 days (the time in which Mercuiy revolves about 
the sun), so is the cube of 95 millions (the distanee in miles of the 

eartli from tlie sun) to a fourth numbrr. 

And is that fourth number the distance in miles of Mercury 

from the sun ? 

T. No : you must extract the cube root of that number, and 
then you will have about 37 millions oi" miles for tho answer, 
which is the distance at which ilercury revolves about the sun. 

C. Does Venus turn round on her wds? 

T. From the moyement of certain spots upon the surface of the 
pkmet it has \6m ooneLuded that she revolves about her axis onoe 
in 24 hours. 



CONVERSATION XX. 
Of Mars, 

T. Next to Venus is the earth and her satellite, the moon ; but 
of these sufficient notice has already been taken; and, therefore, 
we shall pass on to the i)lanet Mars, which is known in the heavens 
by a dusky red appearance. Mars, tojj^ethcr with Jupiter, Saturn, 
and Herschel, are called superior planets, because they are outside 
the orbit of tlie earth. 

6'. At what distance is Mars from the sun? 

T. About 144 millions of miles ; the length of his year is equal 
to 687 of our days ; and, thereforcy he travels at the rate of more 
than 53 thousand miles in an hour : his diurnal rotation on his 
axis is performed in 24 hours and 39 minutes, which makes his 
figure that of an oblate spheroid. 

/. How is the diurnal motion of this planet discovered ? 

T. By means of a very large spot, wnich is seen distinctly on 
his face, wlien he is in that piurt of his orbit which is opposite to 
the sun and cartli. 

C. Is Mars as large as the earth ? 

T. No ; his diameter is oidy 41 S9 miles, which is but little more 
than half tliat of the earth. And, owing to his distance from the 
sun, he will not enjoy one half of the light and heat which we have. 

J. And yet, I beueve, he has not the benefit of a moon P 

T. No moon has ever been dlsoorered belonging either to 
Mercuj, Venus, or Mars. 

C. Bo the superior planets exhibit similar appearances of direct 
and retrograde motion to those of the inferior planets ? 

T. They do: suppose s the son; a, b, d, jf, g, //, the earth in 
different parts of its orbit, and m Man in lus orbit. When the 
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Fig. 18. 



earth is al tf, ^(ars will 

appear among tlic fixed 
stars at x : when by its 
amiuiil motion the earth 
has arrived at /jy 
andy] respectively, the 
planet Mars will appear 
m the heavens iit y, r, 
and w : when the earth 
has advaneed to g, Mara 
will appear statioiiaiy 
at o; to the earth, in 
its joume? from g\xik^ 
the planet will seem to 
go backwards or retro* 
erade in the heavens 
n-om 0 to and this 
retrograde motion will 
be apparent till the earth has arrived at when the planet will 
again appear stationary. 

/. T perceive that Mars is retrograde when in opposifioti ; the 
same is, I suppose, applicable to the other superior ])laurts ; but 
the retrogra<:le motion of Mercury and Venus is when those planets 
ai'c in conjunction. 

T. You are right : and you see the reason, I dare say, why the 
superior planets may be in the west in the morning when the sun 
rises in the east, and the reverse. 

C, Por when the earth is at Mars may be at in whidi case 
the earth is between the son and the planet : I observe idao that 
the planet Mars, and consequently the other superior planets, are 
mucn nearer the earth at one time than at others. 

T. The difference with respect to Mars b no less than 190 
millions of miles, the whole length of the orbit of tlie earth. And 
on tliis account it ^vjvs that during the latter part of the year 1845 
he appeared to the naked eye almost as large as Jupiter. 

J. lou ])romiscd to explain, wlien you came to speak of the 
planets, the meaning of the word heliocentric. 

T, It is a term used to express the place of the heavenly body, 
as seen from the centre of the sun ; whereas the gcomitric j)lace of 
a planet is the position which it has when seen irom the centre of 
the earth. 

C. Willjpushowus by afifi^einwhatthisdiffercMCOii^^ 
T* I will: let s represent Ae place of the sun, h Venus in its 
orbiti a the earth in ners, and c Mars in his orint ; and the outer* 
oioat drde will jrepresent the sphere of fixed stars. Now, to a 
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spectator on the earfh a, Venus will appear amoncr the fixed stars 
n Uie begumiug of Scorpio, bat, as viewed ixsm. the sod, she will 




Fig. 19. 



be seen beyond the middle of Leo. Tlicrcforc i\\Q r/eocenfric longi- 
tude of Venus ■svill be in Scorj)io, but her heliocentric longitude 
will be in Leo. Agiiin, to a speetator at the phmct Mars at c 
will appear among the fixfid stars towards the end of the sign of 
Pisces; but, jxs viewed from the sun, he will be seen at the be- 
pinnin^ of the sign Aries : consequently the geocentric longitude of 
3lars IS in Pisces ; but his heliocentric lougitude is then in Aries. 



CONVERSATION XXL 

Of Jujpiier, 

T» Weiiowo(mietaJiE|iiier,ihe]aige8tof aUthe]da]^ 
is easfly known bj his pecoliar magnitude and brilliiaicy. 

C. Ts Jupiter larger tlian Venns? 

il Though he does not appear so large, yet tlie magnitude of 
Venus bears but a very small proportion to that of Jupiter, whose 
diameto: is 90,000 miles; his bulk exceeds the bulk of Venns 1500 
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times : his distance from tke sun is estimated at more tbaa 4:90 
millions of miles. 

/. Then lie is five times farther from tlie sun than the earth ; 
and, consequently, as light and heat diiniiiish in the same propor- 
tion as the sc^uares of the distances from the illurainatiiiff body 
increase, the mliabitants of Jupiter enjoy but a twenty-fifth part 
of the light aad heat of the sun that we enjoy. 

T. Another thing remarkable in this puouBt iB» that it revolves 
on its axis^ which is perpendicular to its orbit, in 10 hours; and, in 
consequence of this swift and diurnal rotation, his equatorial dia- 
meter is 6000 miles greater than his polar diameter. 

C. Since then a variety in the seasons of a planet depends upon 
the indinatiou of the axis to its orbit, and since the axis of Jupiter 
has no inclination, there can be no difference in his seasons, nor 
any in the lenf^tli of his days and nights. 

T. You arc riglit : his days and ni^lits are always five hours 
each in lengtli ; and at his equator, and its ncighbourliood, there is 
perpetual summer ; and an everlasting winter reigns in the polar 
regions. 

/. What is the length of his year ? 

T. It is equal to ncai'ly 12 of ours, for he takes 11 years 314 
days and 20 hours to make a revolution round the sun; conse- 
qnently he travels at the rate of more than 28,000 miles in an hour. 

This nohle planet is accompanied by four satellites, which revolve 
about him^ at different distances, ana in different periodical times : 
the fini in about 1 day and 18 hours ; the second in 3 days 13 
hours ; the ihM in 7 days 3 hours ; and ^faurih in 16 days and 
16 houm. 

Beyond the tphei* of Jfiw, In distni fBk\tm% 

With kini^ly stMte, the rival of the tan. 

About him roiiud fonr plitnetary moonSf 

On earth with wonder nil night loug^ beheld. 

Moon above moon, his fnir attendants, dance. Mallett's EXCI'RSION. 

C. And are these satellites, like our moon, subject to be eclipsed ? 

T. They are ; and tlicir eclipses are of eonsiaerable importance 
to astronomers, in ascertaining with accuracy the longituae of dif- 
ferent places on the earth. 

By means of the eclipses of Ju])iter's satellites, a method has 
been also obtained of demonstrating that the motion of Mit is 
lirogrrmre^ and not instantaneous ^ as \yas once supposed. Hence 
it is found, tliat the velocity of light is nearly 11,000 times greater 
than the velocity of the earth in its orbi^^ and more than a million 
of times greater than that of a hall issuing from a cannon. 
This disooveiy is alluded to by the last-mentioned poet ; speaking 
of an observer of the ed^^ of Jupiter's sateUites, he says: 
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By theM observed the rapid progr''$$Jbtit 

Or light itself -, huw switt thf hfndlonfl* rftjr 

ShOMt from the sun's h<*i|fbt throug'h uuboand«d IpBtt p 

At OBM MiUf kt'liiay air, and vart^ aad bcaTcn. 

Rays of light come from the sun to tlic earth in 8 minutes, that is, 
at the rate of about twelve millions of miles iua minate. 

/. Who discovered these satellites ? 

T. They were first seen by Galileo in 1610. lie took tliciii for 
telescopic stars, but farther observations convinced him and others 
that they were planetary bodies. 

The relative situation of these small bodies chants at every 
instant. They are sometimes seen to pass over the face of the 
planet, and project a shadow in the form of a black spot, which 
describes a line across it. 



CONVERSATION XXH. 

0/ Saturn, 

T. We are now arriTed at Satum in our descriptioBS, which, till 
inthin these sixty jears^ vas esteemed the most remote planet of 

the solar system. 

C. How is he distinguished in the heavens ? 

T, He shines with a pale dead light, very unh'ke tlie brilliant 
Jupiter, yet his mag-nitude seems to \'ie with that of Jupiter him- 
self. The diameter of Saturn is nearly 80 thousand miles : his 
distance from the sun is more than 900 millions of miles, and he 
performs his journey round that luminary in a little less than 30 
of our years, consequently he must travel at a rate not much short 
of 21,000 miles an hour. 

/. His great distance from the son must render an abode on 
Saturn extremely cold and dark too, in oomparison <tf what ve ex- 
perience here. 

T, His distance from the sun being between 9 and 10 times 
greater than that of the earth, he enioys about 90 times less light 
and heat; it has nevertheless been calculated, that the light of the 
sun at Satum is 600 times greater than that which we oijoy from 

onr full moon. 

C. Tlie daylight at Satum, then, cannot be very contemptible ; 
I should hardly liave thought, that the light of the sun even here 
was 500 times greater than that experienced from a full moon. 

T. So much greater is our meridian light than this, that during 
the sun's absence behind a cloud, when the light is much less 
strong than when we behold him in all his glorious splendour, it 
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is reckoned that our daylight is 90,000 times greater tlian the 
light of the moon at its full. 

J. But Saturn has several moons, I believe ? 

T. He is attended by seten satellites, or moons, whose periodical 
times differ very much ; the one nearest to him performs a revolu- 
tion round the primary planet in 22^ hours ; and that which is 
most remote takes 79 days and 7 hours for his montlily journey : 
this last satellite is known to turn on its axis, and in its rotation is 
subject to the same law which our moon obeys, that b, it revolves 
on its axis in the same time in which it revolves about the planet. 

Besides the seven moons, Saturn is encompassed with two broad 
rings, which are probably of considerable importance in reflecting 
the light of the sun to tnat planet ; the breadth of the inner ring 
is 20,000 miles, that of the outer ring is 7200 miles, and the 
vacant space between the two rings is 2839 miles. Tliese rings 
give Saturn a very different appearance from any of the other pla- 
nets. The annexed figure is a representation of Saturn as seen 
through a good telescope. 




Fiff. 30. 

On the supposition that Saturn was the most remote planet of 
our system, ne is thus described by Mallet, in his * Excursion : * 

Lnst, outmost Snturn walks his frontier round, 
Tbr boundarv of worlds, with his pale moous, 
Fniut ffpliinm ringf through the gloom which night has thrown 
De«p-dyrd nud dend o'er this chill ^lobe forloru : 
Au rndless dvscrt where extreme ot cold 
Eternal sits, ns in his native teat, 
On wintry bills of uever-tbnwiug ice- 
Such Saturn's earth ; and even here the sight, 
Amid these doleful scenes, new matter tiuda 
Of wonder and delight! a mighty rinf ! , 

J. Is it known of what nature the ring is ? 

T. Dr. Herschel thinks it no less solid than the body of the 
planet itself, and he has found that it casts a strong shadow upon 
the planet. The light of the rin^ is brighter than that of the 
planet ; for the ring appears sufficiently bright for observation at 
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times when tlie telescope scarcely affords light enough to give a 
lair view of Saturn. 

C. Is it known whether Saturn turns on its axis ? 

T. According to Dr. Herschel it has a rotation about its axis in 
12 honrs 13^ minutes : this he computed j&om the equatorial dia* 
meter in the proportum of 11 to 10. Dr. Herschel has also dis- 
covered, that the rin^, just mentioned, levolyes about the planet 
in 12^ hours, which is also the tune of the planet's rotation on 
its axis. 



CONVERSATION XXIIL 
Cf Henekel 

T. We have but one other planet to describe, that is HerscheL 

/. Was it discovered by Dr. Herschel ? 

T. It was, on the 13th March, 1781; and therefore by many 
astronomers it was denominated 1 [ersehel ; though, by the doctor 
liimself it was named tlie Gcorgium Sidiis, or Georgian Star, in 
honour of George III, who was fur many years a liberal patron to 
this great and most indefatigable astronomer. Eoreigu astrono- 
mers usually call this planet Uranus, 

C. I do not think that I have ever seen this planet. 

T, Its apparent diameter is too small to be discerned readily by 
the naked eye ; but it may be easily discovered in a clear night, 
when it is above the horizon, by means of a good telescope, its 
situation being previously known from the * Ephemeris.' 

/. Is it owing to the smalhiess of this planet, or to its great 
distance from the sun, that we cannot see it with the naked eye ? 

T. Both these causes are combined : in comparison of Jupiter 
and Saturn he is small, his diameter being less than 35 thousand 
miles ; and his distance from tlie sun is estimated at more than 
1800 millions of miles : he performs his journey in S i of our 
years ; consequently he must travel at the rate of 10,000 miles 
an hour. 

C. But if this planet has been discovered only 60 years, how is 
it known that it will complete its revolution in 84 years ? 

T. By a lon^ series of observations it has been foimd to move 
with such a velocity as would carry it round the heavens in that 
period. And all tne computations of its places, conducted upon 
that supposition, are found to be correct. 

/. How many moons has Herschel? 

T, He is attended by six satellites or moons, of w hich the one 
nearest to the phmet performs its revolution round the primary in 
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5 days and 23 hours; but that wliich is the most remote from him 
takes 107 days and 10 hours for his journey. 

C. Is there any idea formed as to the light and heat enjoyed bj 
this planet ? 

T. His distance from tlie sun is 19 times p^reatcr than that of 
the earth ; eonsequently, since the square of 19 is I^Gl, the light 
and heat experienced by the inhabitautd of that planet must be 
861 times less than m deriTe from the njs of the soil 

The proportioii of lidit enjoyed by Henchel has been estimated 
at about equal to the SSsxk A 249 of our fall moons. 

C, Is it quite certain that there are no more phinets bdongiUf^ 
to our system than those vhich you have mentioned? 

So far isxm it, it is now auite certain that there m others ; 
and it is by no means improbable that tlie future obsorvations of 
astronomers may h'ad to the discovery of more. 

/. Why, then, have you not assigned a separate discussion to 
them ? 

T. There are two reasons for that. One is, that the newly dis- 
covered planets are so minute that they can never be seen w it liout 
telescopes : another is, that on areount of the comparative recency 
of their discovery, their various elements are not yet very accu- 
rately assigned. — That you may, however, have an adequate notion 
of the place which thej occupy in the solar system, I beg to pre- 
sent each of you with a card, on which you will find exhibited in 
one view, the periods, distances, and magnitudes of all the plauetsi, 
including the four snudl ones which have been discovered during 
the present century. 

SYNOPSIS Of THE PLA17ETS. 



P»rle4f« Rcvolatiott la 
Ttan, Ihijt, and Hosra. 



Sun . 
Mercury 
Venus 
Earth . 
Mars . 
Vesta . 
Juno . 
Pallas. 
Ceres. 
Jupiter 
Saturn 
'Uranus 



0 
0 
0 

1 

3 
4 
4 
4 
11 
29 
84 



87 
221 
365 
321 
221 
131 
220 
221 
314 
166 
8 



23 
17 
0 
17 
0 
0 
0 
0 
20 
19 
18 



Mcnn dittnnce from 
Uie$>uu millions 
of Bugli»h mil**. 



37 
68 
95 
ll-l 
231 
260 
270 
271 
490 
900 
1800 



1,448,000 
16 

188 

37 
15 
1474 
1030 
83 



times iprenter thna 
the Earth. 

less, 
less. 

greater. 

less, 
less, 
less, 
greater, 
greater, 
greater. 
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But T do not see Astraea in this list. 
T. No ; she is sueh a stranfrer at present, tliat all her elements 
are not computed. The period of her revolution is 1565 dajs. 



CONVERSATION XXIV. 
Of (kmO; 

T. Besides the seven primary planets, and the eighteen secondary 
ones, or satellites, wliich we have been describuig, there arc other 
boches belun^^ing to the solar system, called comets^ to which 
Thomson, in his Summer, beautifully alludes : 

Amid the radiant orbs 
ThmX more tliaa deck, thnt aninatr the 
Tk« Hft>lafiialny •«■• af ether worlds } 
La t fhiin the dread Immettsltjr of ipaaa 
lUinminK' with aeeeleratcd coaraa 
The rushing' comH to the •un dcseends. 
And, M hr «iiik« below ih<> shading' ffirth, 
With Hwt'ul trniu pmjeetrd o'rr the heavens, 
Th« fpAWg aMloM tMibla. BoMmm, 1. ITOB. 

C, Do comets resemble the planets in any respect ? 

T, Like them,* they are supposed to revolve about the sun in 
elliptical orbits, and to descrioe equal areas in equal times ; but 
they do not appear to be adapted for the habitation of animated 
beings, owing to the great degrees of heat and cold to which, in 
their course, they must be subjected, in consequence of the great 
eccent ricity of most of t heir oroits. 

The comet seen by Sir Isaac Newton, in the year 1680, was ob- 
served to approach so near the sun, that its heat was estimated by 
that great man to be 20UU times greater than that of red-hot iron. 

/. It must have been a very solid body to have endured such a 
heat ^vithout being entirely dissipated. 

T. So indeed it should seem ; and a body thus heated must re- 
tain its heat a long time ; for a red-hot globe of iron, of a single 
indi in diameter, exposed to the open air, will scarcelv lose all its 
heat in an hour ; and it is said, that a globe of red-hot iron, as 
laige as oar earth, wonld scarcely cool in 60,000 years. 

& Are the periodical times of the comets known P 

T, Very few of them with anv degree of certainty : it was long 
ago supposed that the periods oi three of them had been distinctly 
ascertained. The font of these appeared in the years 1631, 160/» 
and 1682, and it was expected to return every 75th year; aud one 
which, as had been predicted by Dr. Halley, appeared in 1758, 
and again in 1835, is supposed to be the same.* 

• Of lata, ii haa bsaa dalanataad that aoma aanaU bava periods of attlj • ftw jeara. 
Thaa,thaaaHM««f 17TS«a4IMhaaaMtla4 af67aatmRa4107days. ItaiWHcithc plana 
•f Um aetlpUa am tba «tk Ovtofew, lO^ btfina mUfaiiffht. 
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The second of them appeared in 1532 and 1661, and it ^ras ex- 
pected tliat it would ag;iiii make its appeaiaooe in 1789^ but in this 
the astronomers were disappointed. 

Tlie third was that which ap})eared in i()80, and its period beinf^ 
estimated at 575 years, it cannot ujjon tliat supposition retui'u 
untd the year 2255. This last comet at its greatest distance is 
eleven thousand two hundred millions of miles from tlie sun, ami 
its least distance from the sun's centre w as but four hundred and 
ninety thousand miles : in this part of its orbit it travelled at the 
rate of 880,000 miles in an hour. . 

/. Do all bodies move faster or slower in proportion as tbej are 
nearer to, or more distant from, their centre of motion F 

T. Thej do : for if you meditate upon tlie last six or seven 
lectures, you will recollect that of Herschel, which is the most re- 
mote planet in the solar system, travels at the rate of 16,000 miles 
an hour ; Saturn, the n(ixt nearer in the order, 21,000 miles ; 
Jupiter, 28,000 miles; Mars, 53,000 miles; the Earth, 65,000 
miles;Venus, 75, 000 miles; andMercury at the rate of 105,000 mdes 
in an hour. But here we come to a comet, whose progressive 
motion, in that part of its orbit which is nearest the sun, is more 
than equal to eight times the velocity of Mercury. 

C. Were not comets formerly dreaded as awful prodigies, in- 
tended to alarm the world ? 

T, Comfits are frequently acoompamed with a Ituninons train 
called the tail, issuing from the body in a line opposite to the suil 
but which, to uninformed people, has been a source of terror and 
dismay. 

1)0 comets shine by their own light F 
T, It was, till within these few years, supposed that comets * 
borrowed aU their light from the sun, but the appearance of two 
very brilliant comets, of late, seems to have overturned that tlieory. 
One of these was visible for several weeks, in 1807, and the other 
from September to the end of the year 1811. Of tlie former. Dr. 
Herschel has given an elaborate account in the 9Sth vol. of the 
Philosophical Transactions. Previously to the appearance of these, 
it was generally supposed that tlie light of comets, like that of the 
moon and planets, was reflected Ught oidy. A new theory is now 
adopted by Dr. Herschel, and other eminent astronomers* who have 
had excellent opportunities, in both the instances referred to^ for 
accurate observations. Dr. Herschel says, with respect to the 
comet in 1807, *' we are authorised to condude, tliat the body of 
the comet, on its surface, is self-luminous, from whatever cause 
this quality may be derived. The vivacity of the light of the 
comet* also* had a much greater resemblance to the radiance of the 
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stars, than to the mild reflection of the sun's beams from the 

moon." 

The same infereiieo has been drawn from the observation made 
on the comet of 1811, which distinoliy exliibitcd, to very power- 
ful telescopes, t he several parts of wliich the comet is composed. 

C. Wiat are those parts ? 

T. They are tlie nucleus, the ^earl, the cnwa, and tlie fail. 

The Nucleus is a verv small, brilliant, and diamond-like substance 
in the centre, so small as to be incapable of being mesisnred. 

The head includes all the very oright surrounding light ; in- 
ferior telescopes, that will not render the nudens yisible, are often 
aUe to exhibit the head thus described. The head of the comet 
of 1807 was ascertained to be 538 miles in diameter ; that of 1811 
to be about the size of the moon. 

The conta is the hairy or nebulous i^[»peaxafioe surrounding the 
head. 

The lail, wliich, in some comets, extends through an immense 
space, is account ed for, by supposinj^ it to consist of radiant 
matter. The tail of the comet in 1S07 was ascertained to be 
more than nine millions of miles in length ; and that in 1811 was 
full 33 millions in length. 

/. Was tills comet at a great distance from the eaiih ? 

T. On tlie 15th of Sc]itcmbcr, its di.stance from the sun was 
more than 95 millions of miles ; and its distance from the cai lh, 
at the same time, was upwards of 142 millions of miles. 

After all the exertions of astronomers of all countries^ there is 
no dass of cc^Ual objects whose theory is so little advanced as 
that of comets ; we wul» therefore, dwell no longer upon it.* 



CONVEHSATION XXV. 
0/iAe Stm. 

T. Having given yon a particular description of the planets 
which revolve about the sun, and also ot the satellites which travel 
round the primary planets as central bodies, whfle they are carried 
at the same tune witii these bodies round the sun, we shall con- 
clude our account of the solar system by taking some notice of the 
Sunhimsdlf : 

liiformiT of the plnnetary tiiiiti, 

\\''ithi>ut whoB« quick'tiin(^ ^Iniice thrir cumbroua orba 
Were biuti* unlovrly innns, inrrt nnd (lend, 

Aud Dot, M now, the g^rveu abodea of life. Thomson's Autumn, line 1088. 

• Those who with for nora jMirtiealan on this sal^ect aro nfemd to *8«l«itUi« N«tlMa 
•r Comets, from dw Vk«Mh ttU* Artff*, hf CoL a QoU.* . 
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/. Tou told us, a few days ago, that the sun has a rotatum on 
its axis ; how is that known P 

2\ By the spots on his surface it is known that he completes a 

revolution from west to east on liis axis in about 25 days, two days 
less than liis appatr/if revolution, in consequence qI the earth's 
motion in her orbit, in the same direction. 
C. Is the figure of the sun globular? 

T. No ; the motion about its axis renders it splieroidical, having 
its diameter at the eq^uator longer than that which passes thi'ough 
thepoles. 

Tne sun's diameter is more than equal to 100 diameters of the 
earth, and therefore his bnlk must be more than a million of times 
greater than that of the earth ; But the density of the matter of 
which it is composed is fonr tunes less than {he density of our 
globe. 

We have already seen that, by the attraction of the sun, the 
planets are retained in their orbits, and thi^ to him they are in- 
debted for light, heat, and motion : 

Fairest of Britig's! fii»t cipnifd li^rlit : 

Prime cnuse of Im'Huij' ' tor fiom thre nioiie 

The spmkliii^r '^i-ni, ihc ^^•^■.•tIlh]e rnrc, 

The nobler woiids timt 1 vc .nxl brt-Hihe their charms^ 

The lovely hut-a [Kruii.u lo » iich tiibf, 

From thy nnriiliug- source of npleuduiir draw! 

Iq thy purr sLiur, with trnusport I nurvey 

Thia tirmament. and these her rolling woilUa, 

TlMir aiagnltadca and motioBa. MALLirr'a Bxcaauoif. 

We can liardly supj)ose, however, that tlie sun, a body three 
hundred times larger than all the ])lanets together, was created 
only to preserve the periodic motions, and give light and heat to 
the phmets.^ Many astronomers have conjeetmea that its atmo- 
spherecdly is huninons, while its .body is opaque and probably of a 
oonstitution^ amd(^ou3 to that of the planets. Moving, therefore, 
that its luminous atmosphere only extricates hea^ we see no rea> 
son why the sun itself sbould not be inhabited. 

/. ioT my part, sur, I am at once inclmed to believe this ; be- 
cause it accords completely with all one's preconceived sentiments 
of the wisdom and goodness of the Great Creator of the uniyerse. 



CONVERSATION XXVI. 

0/ the Fixed Sian. 

T. We will now put an end to onr Astionomioal Oonyersatioiis, 
by referring apuL to the fixed stars, whieh^ like our son, ahme 
by their own hc^t. 
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. (7. Is it then certain that the fixed stars are of themselves 
luminous bodies^ aod that the planets borrow their light from 

the sun ? 

T. By the help of telescopes it is kno\m that Mercury, Venus, and 
Mars shine by a borrowed light, for, like the moon, they are ob- 
served to hdve different phases aorording as they are oifferently 
situated wit li rc'fjard to the sun. The immense distances of Jupiter, 
Saturn, and Herschel, do not allow the difference between the 
perfect and imperfect iUomiiuitiofii of their diaos or phases to be 
perceptible. 

Kow the distance of the fixed stars from the earth is so great, 
that reflected l%ht would be much too weak ever to reach the eje 
of an olwerver here. 

J, Is this distance ascertained with any degree of precision ? 

T. It is not ; but it is known with certainty to be so great, that 
the whole diameter of the earth's orbit, viz. 190 milhons of miles, is 
but a point in comparison of it ; and hence it is inferred, that the 
distance of t lie nearest fixed star cannot be less than a hundred 
thousand tiiiies the leiii^'th of the earth's orbit ; that is, a hundred 
thousand times 190 millions of miles, or, 19,000,000,000,000 
miles ; this distance being immensely great, the best method of 
forming some clear conception of it is to compare it with the velo- 
city of some mo^ ing body, by which it may be measured. The 
swiftest motion witn which we are acanainted is that of li^ht ; 
which, as we have seen, is at the rate ot 12 millions of miles m a 
minute ; and yet lig^t would be about three yean in passing from 
the nearest fixed star the earth. 

A cannon-ball, which may be made to move at the rate of 20 
miles in a minute, would be 1800 thousand years in traversing the 
distance. Sound, the velocity of which is 13 miles in a minutj), 
would be more than two million seven hundred thousand years in 
passing from tlic star to llie earth. So that, if it were possible 
for the inhabitants of the earth to see the light, to hear the sound, 
and to receive the ball of a cannon discharged at the nearest fixed 
star, they would not perceive the hght of its explosion for three 
years after it had been lired, nor receive the ball till ISOO thousand 
years had elapsed, nor hear the report for two millions and 7 00 
thousand years after the explosion. 

C, Are the fixed stars at different distances from the earth P 

21 Tbsk ma^tnd€», as you know, appear to be different from 
one another, which difference may arise either from a diversity 
in their real magnitude, or in their distances, or from both these 
causes acting conjointly. It is the opinion of Dr. Ilerschel, that 
the different appucent magnitudes of the stars arise fioom the dif- 
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ferent distances at whicli they are situated ; and therefore he 
concludes, that stars of the seventh niag-iiitude arc at seven times 
the distance from us tliat those of the iirst magnitude arc. 

By the assistance of his telescopes he was able to discover stars 
at 497 times the distance of Siriu^ the Dog-star : from which he 
inferred, that with more powerful instruments we should be able 
to discover stars at still greater distances. 

J. I recollect you told us once, that it had been supposed 
by some astronomers, that there might be fixed stars at so great a 
distance from ns, that the rays of their light had not yet readied 
the earth, thong^h thej had been traYellin|j; at the rate of 12 millions 
of miles in a mmnte, nom the first creation up to the present time. 

T. I did; it vas one of the sublime specolations of the cele- 
brated Huygens. Dr. Hailey has also aavanced what, he says, 
seems to be a metaphysical paradox, viz. that the nnmb^ of fixed 
stars must be more than fimte, and some of them at a greater than 
a finite distance from others : and Mr. Addison hiis obscn'cd, 
that this thouglit is far from being extravagant, when wc con- 
sider, that the universe is the work of iuliuitc power, promoted by 
infinilc goodness, and having an inlinite space to exert itself iu : 
so that our imagination can set no bounds to it. 

How dlttanl Mmt of th« Dootamal mm! 

80 diatant, tajr* the la^e, 'tfrm Bot «h«ard 

To doubt if bentns, sft out nt NaCurs's birth. 

An yet arrived at thia so foraigm world, 

TlMa^ aothiair ^•1' npid m tlwir flif ht. Toimo. 

C. What can be the use of these fixed stars ?--not to enlighten 
the earth : for a single additional moon would give us much move 
light than thcoaa all, espedally if it were so ooiSiiyed as to afford 
US its aasifltanoe at those intervals when onr present moonis below 
tiie horizon. 

T. Yon are n§^ ; they could not have been created for onr nse; 
since thousands, and even millions, are never seen but by the 
assistance of glasses, to which but few of our race have access. 
Yonr minds indeed are too enlightened to *T»**g'"<*j like children 
unaccustomed to reflection, that all things were created for the 
enjoyment of man. Tlie eartli on which we live is but one of eleven 
primary planets circulating perpetually round the sun as a centre, 
and witli these are connected eighteen secondary planets or moons, 
all of wliicli arc ])rc)bably teeming with living beings, capable, 
though in difi'erent ways, of ei^oying the bounties oi the great 
First Cause. 

The fixed stars then are probably suns, which, like our sun, serve 
to enlighten, warm, and sustain other systems of planets and their 
depen&nt satellites : and each, Uke onr snn, may be tiie resi d ence 
of animals ratkmal and inatioDal. 

9 



Digitized by Google 



130 



ASTBONOMY. 



/. Would our snn appear as a fixed star at any great distance P 

T. It certainly woma : and Dr. Herschel tliinKs there is no 
doubt, but that it is one of the heavenly bodies belonging to that 
tract of the heavens known by the name of the Milky JFay. 

C. I know the milkv wav m the heavens, but I little thought 
that I bad any concern wiui it otherwise than as an observer. 

T. Tlic milky way consists of fixed stars, too small to be dis- 
cerned with the naked eye; and, if our sun be one of them, the 
earth and other planets are closely connected with this part of the 
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CONVERSATION 1. 

nUBOBUCIIOH. 

Father — Charles — Emma. 

F, In pursuing our course of natural and experimental philo- 
sopliy, we shall now prooeed with that branch of sdenoe which is 

called Hydrostatics. 

E. That is a difficult word : what are we to understand by it ? 

F. Almost all the technical terms made use of in science are 
cither Greek or derived from the Greek language. The word 
hydrostatics is formed of two Greek words whicli signify water, and 
the science which considers the weight of bodies. But hydrostatics, 
as a branch of natural philosophy, treats of tlie nature, gravity, 
pressure, and motion oi fluids in general ; and of the metliods of 
weighing solids in them. I ou^ht to tell you that many writers 
divide tnis subject into two distinct parts, viz. hydrotUUic9 and 

Sdrmtlkf; fhe Mkx xdatea particiikrly to the motion of water 
rough pipes, oondoits, &o. 

In thm CSonyenations I shall pay no regard to this distinetiony 
hat shall, under tlie ffeneral title of hycuostatios, describe the 
properties of all fluids, out princinally those of water ; explaining, 
as we go on, the motions of it, whether in pipes, pumps, siphons, 
engines of different kinds, fountains, &c. JDo yon know what a 
fluid is ? 

C. I know how to distinguish a fluid from a solid : water and 
wine are fluids, but wliy thev are so called I cannot tell. 

F. A fluid is generally defined as a bodv, the parts of wliich 
readily yield to any impression, and in yielding are easily moved 
among each other. 

E. JBut this definition does not notice the wetting of other bodies 
brought into contact with a fluid, if I put my fingers into water 
or mflk, a part of it adheres to them, and they are said to be wet. 

F. IVeij accurate definition mnst maik the qualities of all the 
individnal things defined by it : now there ace many fluids which; 
have not the property of''^ wetting the hand when plunged into 
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them. The air we breathe is a fluid, the parts of wliich yield to 
the least pressure, but it does not adiiere to tke bodies suiroimded 
hj it, like water. 

E. Air, however, is so different from water, that in this respect, 
they will scarcely admit of comparison. 

C. I have sometimes dipped my finger into a cup of quicksilver, 
but none of the fluid came away with it. 

F. Yoaazeii^ht; and heiiee you will find that some writm on 
natnial philosophy diatiiigiiish Detweoi floids and liquids. Air, 
quicksflrer, ana melted metab, are llidds, Imt not liqnids ; while 
water, milk, beer, wine, oil, spirits, &c. are fluids and liquids. 

(7. Are we then to understand, that liquids are known by the 
property of oiihwiwg to different snbstanoes which are imniersed 
in tnem ? 

F. This description will not always hold; for though mercury 
will not stick to your hand, if plun^^ed into a cup of it, yet it will 
adhere to many metals, as tin, gold, &c. The distinction between 
liquids and fluids is introducea inlo books more on account of 
common convenience, than philosopliical accuracy ; the liquid is 
distinpniishcd by the cohesion of its particles with each other.* 

A\ You said, I believe, that a fluid is defined as a body, whose 
parts yield to the smallest force impressed? 

F. !rhis is the definition of a perfect fluid : and the less force 
that is required to move the parts of a fluid, the more perfect is 
that fluid. 

C, But how do people reason respeetbg the partioles of wbidh 
fluids are eomposed F naye they ever seen them r 

F, Philosophers imagine theymust be exceedingly small, because, 
with their best glasses, they hme never been able to discern them. 
And they omtttult that these particles must be xofund and smooth, 
since they are so easily mored among and over one another. If 
they are round you Imow, there must be Tsoaut spaces left 
between them. 
£, How is this ? 

F. Suppose a number of cannon-balls were placed in 
^ a large tuD, or any other vessel, so as to fill it up even 
with the edge ; though the vessel would contain no 



m0- 



more of these large balls, yet it would hold, in the 
vacant s})aces, a great many smaller shot ; and between 
these, others still smaller might be introduced; and 
when the vessel would contain no more small shot, a 
great quantity of sand might be shaken in» and between 
VHM. then<»esoftbese,watoQr oUierfli^ 
insinuate thnnseives. 

♦ fl«t page 4. 
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B, This I understand ; bat are there aaj other proofii that water 
is made up of such globular particles ? 

F, There are several : all aquatic plants, that is, plants which 
* live in water, have their pores round, and are thereby adapted to 
receive the same shaped particles of water ; all mineral ana medi- 
cinal waters evidenny derive their peculiar character from the 
different substances taken into their pores ; from which it has been 
concluded that the particles of water are globular, because such 
admit of the largest intervals. 

Upon this principle, tinctures, as those of bark, rhubarb, &c. 
are made; a quantity of the powder of bark, or any other substance, 
is put into spirits of wine; the very fine particles are taken into 
the pores of the flpuxt; thesechangc the oolonr of the mass, though 
it remains aa tranappreut aa it waa before. 

C, But in tkrae oases is not the bulk oi the fluid increasedf 

F. In some xnstanoes it is ; but in others the bulk will remain 
pieeiselj the same, aa the foUowing very easy experiment will 

show: 

Take a phial with some rain water, mark very accurately the 
height at which the water stands in the bottle, after whicli you 
may introduce a small quantity of salt, which, when completely 
dissolved, you will find has not in the least increased the bulk of 
the water. When the salt is taken up, su^ar may be dissolved in 
the water -without making any addition to its bulk. 

E. Are we then to infer, that the particles of salt are smaller 
than those of water, and lie between them, as the small shots lie 
between the cannon-balls; and that the narticles of sugar are 
finer than those of salt, and, like the sana among the ahot, will 
insinuate themselm Into moities too small for tfis admission of 
the salt? 

F. I think the experiment fairly leads to that ooodnsioiL An- 
other fact respecting the psurticles of fluids deserving your notice 
ia» that they am ezceeding^j hard, and ahnost inoapshie of com- 
pression. 

C. What do you mean, sir, by compression ? 

F. I mean the act of squeezmg anythini^, in order to bring its 
parts nearer tog-ether. Almost all substances with wliich we are 
acquamtcd may, by means of pressure, be reduced into a less 
space than they naturally occupy. But water, oil, spirits, quick- 
silver, &c. cannot by any pressure of which human art or power 
is capable, be reduced into a space sensibly/ less than they naturally 
possess. 

;• E. Has the trial ever been made ? 

F. Yes,bysomeof the ablest philosophers that ever lived. And 
it has been found, that water will find its way through the pores 
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of gold even, rather than suffer itself to be compresded into a 

smaller space. 

C. How was the experiment made ? 

F, At Florence, a celebrated city in Italy, a globe made of gold 
W9B filled with water, and closed so accoratefy that none of it 
could escape. The globe was then put into a pess, and a little 
flattened at the sides ; the consequence of which wa8» that tiie 
water came tiinnu^ the fine pores of the golden globe, and stood 
upon its surface lite drops of dew. 

C. Would not the globe CQotain as mudi after its sides were 
bent in as it did before P 

F. It would not ; and as the water forced its way through the 
gold rather than suffer itself to be brought into a smaller space 
than it naturally occupied, it was concluded, at that time, that 
water was incompressible. Later experimcuts have, however, 
shown that those fluids which were esteemed incompressible are, 
in a very small degree, as, perhaps, one part in twenty thousand^ 
capable of compression. 

E. Is it on this account you conclude that the particles are 
yery hafdP 

F, Undoubtedly: for if they were not so, you can easily oon* 
ceire that sinee there are vacuities between them, as we have 
shown, and as are represented in the preceding figure, they must, 
by very great pressure, be brought doeer t^i^etner, and would 
endentlv occupy a less space, which is contrary to fact. Tluids, 
like soudsy aie dastic; a drop of mercury falung from a height 
reboimds. 

Note. — Water, oil, spirits, &c. are said to be incompressible, not 
because they are absolutely so, but because their compressibility is 
so very small as to make no sensible dilFerence in calculations rela- 
tive to the several properties of those fluids. 

Mr. Canton discovered the compressibility of water in the year 
1761, and he savs, that from repeated trials he found that water 
will eznand, ana ilse in a tabe, by removing the weight of the 
atmoq)9bm», about one part in Sr740> and wul be as much com- 
pressed under the wdght of an additionaL atmospheie. 

Mr. Perkins found that a pressure of 1190 atmospheres produced 
fi diminution of ^ in the bulk of water. And Professor Oersted 
found each additional atmospheric pressure oonqaessed water 46 
millionths of its bulk. 

A fluid that has no immediate tendency to expand when at 
liberty, is commonly considered as a liquid, as water, oil, &c. See 
Young's Lectures, voL i» p. 269. 
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CONVERSATION H. 

0/iAe Weight and Frmm o/Fluidt., 

F. The parts or pariicks of fluids act, with respect to their 
weight or pressure, independentlj of each other. 

E. Will you explain what you mean by this ? 

F, You recollect that» by tne attraction of cohesion,* the parts 
of all solid substances are kept toother, and press into one com- 
mon mass. If I cut a part of this wooden niler away, the rest 
will remaiu in precisely tlie same situation as it was bciore. But 
if I take some water out of the middle of a vessel, the remainder 
flows instantly into the place from whence that was taken* so as to 
bring the whole mass to a level. 

C. Have the particles of water no attraction for each other ? 

F. Yes; in a slight degree. The globules of dcwf on cabbage- 
plants prove, that the particles of water iiave greater attraction 
for one another than they have for the leaf on which they stand. 
Nevertheless^ this attraction is very smaU* and you can easily con- 
ceiye, that if the particles are loiuid they will tonch each cma in 
very few parts, and slide witii tiie smallest pressure. Tms^ne 
that a few of tiie little globules were taken out of the vessel ex- 
hibited at p. 132, and it is evident that the surrounding ones 
would £bU into their place. It is upon this principle that the sur- 
ftce of every fluid, wnen at rest, is norizontal or level. 

C. Is it upon this level that water-levels are constructed ? 

F, It is ; the most simple kind of water-level is a long wooden 
trough filled to a certain height with water ; the sttr£»ce of which 
shows the level of the place upon which it stands. 

C. I did not allude to this kind of level, but to those smaller 
ones contained in glass tubes. 

F, These are, more properly speaking, air-levels. They are thus 
constructed : d is a glass cylmarical 
tube fixed into l, a socket made gene- 
rally of brass. The glass is nearlv 
fllled with water, or some other floidL 
in which is indosed a single bobble of 
air. When this bobUe&es itself at 

the mark a, made exactly in the middle of the tube, the place on 
which the instrument stands is perfectly level When it is not 
level, the bubble will rise to the higher end. 
F. Whht is the use of these levels ? 

F, They are fixed to a variety of philosophical instruments, such 

• Sw IbdMalc*, Cramtttlott III. t Sm MsAmIm* CeiiftnMloB IV. 
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iis cjuad rants, and telescopes for surveying the heavens ; and theo- 
dolites for taking the level of any part of the earth, or for measur- 
ing hariasontal angles. They are also nadul in the more common 
oocnnenees of lue. A single instoncft will show their vahie: 
clocks will not keep tnie tune unless they stand very upright ; 
now, by means of one of those levels, you may eaailj ascertain 
whether the bracket upon which the dodi in the passage stands is 
level. 

E. But I remember when Mr. P ■ brought home yonr clock, 
he tried if the bracket was even by means of Charleses marbles. 
How did ho know by this ? 

F. The marble being round, touched the board in a point only, 
consequently the line of direction* could not fall througli that 
point, unless the bracket was very level ; therefore, when the 
marble was placed in two or more dilFerent parts of the board, and 
did not move to one side or the other, he might safely conclude 
that it was a level. 

C. Then the water lerel and the rolling of tiie marble depend 
on the same principle? 

F» Tliey do, upon (be suppoation that the partides of water 
are round. The water-level will, however, be the mpst aoenrate^ 
because we may imagine that the parts of which water is com- 
posed are perfectly round, and therefore, as mav be geometancally 
proved, they will touch only in an infinitely small point ; whereas 
marbles, made by human contrirance^ tomni in mai^ sndi points. 

We now come to another yery curious principle m this oranch 
of science, viz. that fluids press equally in all directions. All bodies, 
both fluid and solid, press downwards by the force of gravitation, 
but fluids of all kinds exert a pressure upwards and sideways equal 
to their pressure dovmwards. 

E. Can you show any experiments in proof of this P 

F. A B c is a bended glass tube ; with a small 
glass funnel, pour into the mouth A 
a quantity oi sand. You will find 
that, when the bottom part is filled, 
whatever is poured in afterwards win 
stand in the side of the tube ab, and 
not rise in the other side b c. 

C, The reason of this is, that by the attrac- 
tion of gravitation all bodies have a tendency to 
the eartn;t that is, in this case to the lowest 
part of the tube ; but if the sand ascended in r'er s- 
uie aide b <^ its motion would be dixeotly the reverse of this fffin- 
dple. 
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F. You mean to say, tliat the pressue would be npwardB^ or 

fnm the centre of the earth. 
C. It certainly would. 

F, Well, we will pour away the sand* and put water in its 
place ; wliat do you say to this ? 

E, The water is level in both sides of the tube. 

F. This theu proves, that with respect to fluids, there is a prcs- 
snre xipwards at the point b as well as downwaicU. I w ill show 
you aiiothar eiqpenment. 

▲ B 18 a largiB tube or jar \mm% a ftit bottom : 
a & is a similar tube open at both ends. While I 
fiU the jar with water, I take care to hold ^ small 
tube so close to the bottom of the iar as to prevent 
any water from getting into the tube. I then raise 
it a little, and you see it 18 instantlj filled with 
water from tho jar. 

C. It is; audthewater is leveliu thejar andthe 
tube. 

F. The tul)e vou saw was filled by means of the 
pressure upwards, coutrary to its natural gravity. 

Take out the tube; now, the water having escaped, 
it is filled with air. Stop the upper eud a with a 
cork, and plunge it into tiie jar, the water will rise 
as high as h, iv* 
What is the reason of this, p^P 

V, The air, with whidk the tube was fiUedly is a bodhr and occupies 
space; so tiiat unless the water were first to foroe it out frmn tiie 
tube, it cannot take its |dace. 

C. If air be a substance, and the tube is filled with it» how can 
any water at all make its way into the tube P 
r F. This is a very proper question. Air, though a substance, 
differs from water m tliis respect, that it is easily compressible ; 
that is, the air, w^hich, by the natural pressure of the surrounding 
atmosphere, fills the tube, may, by the additional upward pressure 
of the water, be reduced into a smaller space, b& ah. Another 
experiment will illustrate the diiTerence between compressible and 
incompressible fluids. 

Fill the tube, which has still a cork in one end, with some 
coloured liquor, as spirits of wine ; over the other end place a 
piece of pasteboard, held dose to the tube to prevent any of the 
nguor from escaping : m this way introduce the tube into a vessel 
of WBto*, keeping it perpendicular all the time : you mav now take 
away the pasteboard, and foroe the tube to any depth ; but the 
spirit is not like tlie air ; it cannot in this manner be reduoed into 
a space smaller tiian it originally oocopied. 
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E. Whj did not the spirits of wine run oat of the tube into the 
water ? 

F. Because spirits are lighter than water ; and it is a general 
principle that the lighter flmd always ascends to the top. 

Take a thin piece of horn or pasteboard, and while you hold it 
by the edges, let your brother put a pouud weight upon it : what 
is the result P 

B, It is almost bent oat of my hand. 

F. Ihtxodiioe it now into a vessel of water at the depth of 
twelve or fifteen ind^ and bring it parallel to the sni&oe. In 

this position, it sustains many pounds weight of water. 

C. Nevertheless^ it is not toit in the least. 

F, Beoaose the upward pressme against the lower surface of 
the horn is exactly equal to the pressure downward, or, which is 
thrsame thing, it is equal to the weight of the water which it sua* 
tains on the upper surface. 

E. Is this tne case, be the depth what it may P 

F. It is ; because, at all depths, the pressures upwards and 
downwards are always equal: in other woros^ " fluids press equally 
in all directions." 

You may vary these experiments by yourselves till we meet 
agaiu^ when we will resume the subject. 



CONVERSATION m. 

Of the Weight and Fremre of Fluids, 

C, When you were expIainiDg the principle of tbe Wheel and 
Axle,* I asked the reason why, as the bucket ascended near tiie 

top of the well, the difficulty in raismg it increased ? I have juat 

now found another part of the subject beyond my comprehension. . 
After the bucket is filled with water, it sinks to the bottom of the 
well, or as far as the rope will suffer it : but in drawing it up 
through the water, it seems to have little or no weight tifl it has 
ascended to the surface of the water. How is this accounted for ? 

F. I do not wonder that you have noticed this circumstance as 
singular. It was long believed by the ancients that water did not 
^vitate, or liad no weight, in w^ater : or, as they used to express 
it more generally, that fluids do not gravitate in projrrio loco, 

E. I do not understand the meaning of these hard words. 

F. Nor would I have made use of them, onlv that you can 
scarcely open a treatise on this subject without finoing the phrase. 

• Set ibclwalca, CravcnMloa XTII. 
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I will explain their meaniiig ^thout tranBlating the words ; be- 
cause a mere translation woiud give you a very inadequate idea a£ 

what the writers intended to express by them. 

No one over doubted that water and other fluids had weight, 
when considered by themselves; but it was supposed that tiiey 
had no weight when immersed in a fluid of the same kind. The 
fact which your brother has just mentioned respecting the bucket 
was the gi and argument, upon which they advanced and maintained 
this doctrine. 

E. Does it not weigh anything, then, till it is drawn above the 
surface? 

F. You must, my little girl, have patience, and you shall see 
how it is. Here is a j^ass bottle a, with a stopcook b» cemented 
to it, faj means of which the air may 

be exhausted from tluB bottle, and 
prevented from returning into it 
again. The whole is made sufficiently 
heavy to sink in the vessel of water CB. 

The bottle must be weighed in air, 
that is, in the common method ; and 
suppose it weighs 12 oimces, let it 
now be put into the situation which 
is represented by the figure, when 
the weight of the Dottle must ])e again 
taken by putting weights into the 
scale z. I then open the stopcock, 
while it is under water, and the water immediately rashes in and 
fills the bottle^ wMdi o?erpower8*the weiriits ui the scale. Inow 
pat other weights, say 8 oonces, into the scale, to restore the 
eqnilibriimi between the bottle and scale. It is evident, then, 
tbiat 8 ounces is the weight of the water in the bottle, while 
wd^bed onder water. Ftatrai the oock, and weigh the bottle in 
the usual way in the air. 

C. It weijghs something more than 20 ounces. 

F. That IS 12 ounces tor the bottle and 8 ounces for the water, 
besides a small allowance to be made for the drops of water that 
adhere to the outside of the bottle. Does not this experiment 
prove that the water in the bottle weighed just as much in the jar 
of water as it weighed in the air ? 

E. I think it does. 

F. Tlicn we are justified in concluding, that the water in the 
bucket, which the bottle may represent, weighed as much while 
under water ul the well, as it dia after it waa raised aboYC the 

C. This fM seems decbiyet, bat the difficulty still remains in 
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my mind ; for the weight of the bucket is not felt till it is rising 
above the surface of the -svater. 

F. It may be thus accounted for : any substance of the same 
speciHc gravity with water may be plunged into it, and it will 
remain imerovw it is placed, eitW near boHom, in tbe middle, 
<x towacds the top, consequently it maybe mofed in any diiectioii 
with ti)6 wpglktixni of a rery small foree. 

E. What do yon mean by the specific ^yity of a boc^F 

F. The ipeeme gravity of any body is its weight compmd with 
that of any other bo^.* Hence it is also called the eomparaiioe 
pravity : thus if a cubic inch of water be equal in weight to a cubic 
inch of any particular kind of wood, the specific or comparative 
grav^ities of the water and that particular wood arc equal. But 
since a cubic inch of deal is lighter than a cubic inch of water, 
and water is lighter tliau thc! same bulk of lead or brass, we say 
the specific gravity of lead, or brass, is greater than that of water, 
and tlie specific gravity of water is greater than that of deal. 

G. The water m the bucket must be of the same specific gravity 
witii that in the well, because it is a part of it. 

F, And the wooden bucket difoa Tcry little in thia i«^eeft 
from the water ; because though the wood is lighter, yet the XKm 
of whidi the hoops and handle are oompoaed is specifically hea;?ier 
than water; so that the bucket and water arc nearly of the same 
specific gravity with the water in the well; and, thereforD, it ia 
moved veiy easily through it. 

Again, we have abreaay proved that the upward pressure of 
fluids is equal to the pressure downwards ; therefore tne pressure 
at tlie bottom of the oucket upwards being precisely equal to the 
same force in a contrary direction, the application of a very small 
force, in addition to the upward pressure, will cause the bucket to 
ascend. 

F. Do you account for the easy ascent of the bucket upon the 
same principle by which you have shown that horn or pasteboard 
will not be bent, when placed horisontaUy at anv depth of watorP 

F. Yes, I do; and Iwill show you some otber eizperimenta to 
prove the effect of the upwaid preaanre. 

Take a glass tube, oipea at both ends, the diameter of which it 
about the eighth of an inch, thmat it into a vessel of water, and 
close the top with your thumb ; you may now take it out of the 
water, but it will not empty itself, so long aa the top is kept 
closed. 

C. This is not the upward pressure of water, because the tube 

was taken out of it. 
F, You are right : it is the upward pressure of the air, which, 

* Bm CMTUMtioa X, at. 
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while the thumb is kept on the top, is not counterbalanced bv any 
downward pressure : tnerefore it keeps the wat€ir suspended in the 
tube. 

Take this ale-glass, fill it with water, and cover it with a piece 
of ^\Titing-paper : then place your hand cvrnly over the paper, so 
as to hold it very tight about the edge of the "^lass ; you may then 
invert the glass, and take away your hand without any dai^er of 
the water's falling out. 

E. Is the water sustained by the upward pressure of the air ? 

F, The upward pressure oi the air against the paper susUuiis 
tlie weight A water, and presents its faUing. 

You hare seen the instrument used for tastiiw beer or wine P 

B, Yes; it 18 a tin tube, thait holds about half a pint, into 
very small tubes are inserted at top and bottom. 

F. The longer one is put into the hole made for the vent-peg, 
and then by curawing out the air from it, beer or wine is forced 
into the large part of the tube ; then by putting the thumb or 
finger on the upper part, the whole instrument nuKjr be taken out 
of the cask, and removed anywhere, for the pressure of the air 
against the bottom surface of the lower tube keeps the liquor from 
running out ; but the moment the thumb is taken from tlie top, 
the liquor descends by the downward pressure of the air. 

C. Is it for a similar reason that vent-holes are made in casks ? 
F. It is : for when a cask is full, and perfectly close, there is no 

downward pressure, and therefore the air pressinf^ against the 
mouth of the cock keeps the liquor from riiimmg out ; a bole made 
at the top of the cask admits the external pressure of the air, by 
¥^deh the liquor is foroed out. In large casks of ale or porter, 
nHiere the demand is not yery great, the vent-hole need seloom be 
used, for a certain portion of the air contained in the liquor escapes, 
and, bein^ lighter than the beer, ascends to the top, bv which a 
pressure is created without the assistance of the external air, 

C. Do flnidfl experience friction as they flow P 

F. Yes : a stream ia always less rafid at the sides than in the 
middle of a river, because it experiences friction against the 
banks and shallow bottom. If a fine tube is fitted to a coni- 
cal horizontal tube, and dipped into water — the letter T represents 
the arrangement, and water flows aloiif,' the horizontal tube ; its 
friction against the air at the orifice of the smaller tube will draw 
the air after it : the water will then rise in the smaller tube, and 
eveiituaDy flow along with the other water. The same happens 
with a vertical arrangement. 
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CX)X^'ERSATION IV. 
Ctfthe Laieral Frmmt qfFlmii. 

F. It is time now to advance another step in this science, and 
to show tliat the lateral or side pressure is equal to the perpen- 
dicular pressure. 

E. If the upward pressure is eqcud to the downward, and the 
side piessure is also equal to it, then the pressure is equal in all 
directions. 

F. Ton are ndit. Tbmigli the side diEecfckni may be varied in 
many ways, yet uiere aie only the upward, domwud, and lateral 
directions. The two former we have shown are eqoaL That the 
sdde pressure is equal to the perpendicular pressure downwards is 
demonstrated by a ray ea^ experiment. 

AB is a Ycssel filled with water, having two small 
equal orifices, or holes, ab, bored \nm the same 
tool, one at the side, and the other in the bottom ; 
if these holes are opened at the same instant, and 
the water sujBfered to run into two glasses, it will 
be found, that, at the end of a given time, they will 
have discharged equal quantities of water ; which is 
a clear proof that the water presses sideways as 
• Fif. 6. forcibly as it does downwards. 

C, Are we then to take it as a general principle, that Adds 
press in every possible direction ? 

F, This, I think, our experiments have proved; but you must 
not foiset thafc it is onfy true wpon the supposition thai the per* 
pendicular heighU are epud, Eor in the tuX e2|ieriment» if the 
nole b had been bored an inch or two lii§^ in the side of the 
vessel^ as at tf, the quantity of mter running out at a woxdd have 
been p'cater than that at b ; and much greater would it have 
been, if the hole had been bored at four or five inches above the 
bottom of the vessel. 
irA This subject of pressure may be farther illustrated. At 
1 1 the bottom of this tube zy, open at both ends, I have tied 
1 1 a piece of bladder, and have poured in water till it stands 
11 at the mark x. Owing to the pressure of ihe water, the 
*H bladder is convex, that is, bent outwards; dip it into the 
JH jar (rig. 4, page 137), the bladder is still convex : thrust it 
^ a gently down ; the surface of the water in the tube is now 
rig. 7. even with that in the jar. 
K It is ; and the bladder at the bottom is become flat. 
F. The perpendicular depths being equal, the pressure upwardU 
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is equal to tliat downwards, and the water in tlie tube is exactly 
balanced by the water in the jar. Let the tabe be thrust deeper 
into the water. 

C. Now the bladder is bent upwards. 

F. The upward pressure is estmiatcd by the perpendicular depth 
of the water in tlie jar, measured from the surface to the bottom 
of the tube ; but the press u i t- downwai'db must be estimated by 
the perpendicular heiffnt of the water in the tube, which being 
less tban the fomier, &e pressure upward in the same proportion 
overcomes that downwards^ and foroes no the bladder into the 
ntion as yon' see it. This and the foUowing experiment axe 
•ome of the best that can be exhibited in proof of the upward 
pressure of fluids. 

Bid an ojpen end of a tube, having a very narrow bote, into a 
vessel of quicksilver ; then, stopping the upper orifice with tlie 
jfinger, lift up the tube out of the vessel, and you will see a sort of 
eolumu of quicksilver hanging at the lower end, wliich, when 
dipped in water lower tlian 14 times its own length, will, upon 
removii^ the finger, be pressed upwards into the tube. 

E. why do you fix upon li times the depth ? 

F. Because quicksilver is 14 times heavier than 
water. Upon tnis principle of the upper pressure, 
lead or any other metal may be maae to swim in 
water. Asisavesselof water, andadisaj^aas 
tube, open throu^iout; dish string, bv whidi a 
flat piece of lead s may be held fiuit to im bottom 
of the tube. To prevent the water from getting 
in between the lead and the ^lass, a pleoe of wet 
leather is first put over the lead. 

In this situation, let the tube be immersed in 
the vessel of water, and if it be plunged to the ^ 
depth of about eleven times the thickness of the lead before the 
string be let go, the lead will not faU from the tube, but be kept 
adhering to it by the upward pressure below it. 

F. Is lead 11 times neavier than water ? 

F. It is between 11 and 12 times heavier; and, therefore, to 
make the experiment sure, the tube should be plunged somewhat 
deeper than 11 times the thickness of the lead. 

C. Is it not owing to the wet leather rather than to the upward 
pressure, that the lead atk^ to the tube ? 

F, If that be the case, it will remain flxed if I draw up the 
tube an inch or two higher ^-I win try it. 

E. It has fallen off. 

F. Because, when the tube was raised, the upward pressure was 
diminished so mucb as to become too small to Dalanoe the weight 
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of the lead. But if the adliering together of tlie lead and tube 
had been eaused by the leather, there wonld be no reason why it 
should not operate the same at six or nine thnes the depth of the 
lead's thickness, as well as at 11 or 12 times that thickness. 



CONVERSATION V. 
Of ike Hydroikiiie Paraiox, 

E. You are to explain a paradox to-daj : I thought natoral php 

losophy had excluded all paradoxes. 

F. Dr. Johnson has driven tliis definition of a paradox, "an 
assertion contrary to appearances now the assertion which I am 
to refer you to is, //lat any quantify of water, however smally may 
be made to balance any quantity, however large. That a pound of 
water, for instance, should, without any mechanical advantage, be 
made to suoport ten poands, or a hundred, or even a ton weight, 
seems at nrst increoible; certainly it is contrary to what one 
shonld expect, and on that accouiii the experiment to show this 
isaX has usnalfy heen called the hydrostatic paradox. 

C. It does appear iiiiaoooiiiiblSjd : Ihope the experinnnta may 
be TeiT easy to oe imderstood. 
F. Many have been inraited to the purpose, 
o B G H 18 a gtes Tessel^ consisting of two tubes of Terr difEerent 
sizes, joined together, and freely communicating 
with one another. Let water be poured in at H, 
which will pass throng the joining of the toboSy 
and rise in the wide one to the same height ex- 
actly as it stands in the smaller : which shows 
that the small column of water in D G balances 
the large one in the other tube. Tliis will be 
the case if the quantity of water in the small 
tube be a thousand or a million times less than the quantity in the 
larger one. 

If the smaller tube be bent in any oblique situation, as g p, the 
water will stand at P, that is, on the same level as it stanels at a. 
This would be the case, if, instead of two tubes, there w ere any 
given number of them connected together at b» aad TBiied m afil 
kkda of oiUique directions, the water woold be on a level in them 
all; that is, the peryenikmimrlui^ 

C. This does not quite satisfy me ; becanae it apoears that a 
great part of the waUr in the large tube is supported dy the parts 
B aboat the bottoL and theiefoie that the water .in rae smaller 
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tube only sustains the pressure of a column of water, the diameter 
of which is equal to its own diameter. 

F, This would be the case if the pressure of fluids were onlv 
downwards, but we have shown that it acts in all directions ; and, 
therefore, the pressure of the parts near the side of the tube acts 
against the column in the middle, which you suppose is the only 
part of the water sustained by that contained in the small tube ; 
.conBequently the smaller quantity of water in ]> B sustains the 
larger one in A B. 

Let US tiy another experiment. 

ABC and AB c are two ressels, having their bottoms d d and 

D d exactly equal, but the contents of one Tessel are 20 times greater 
than the other ; that is, the first figure, when fiUed up to a, will 
hold but one pint of water; whereas the second, when filled to the 

same heiglit, will hold 20 })iuts. Brass bottoms c c, arc fitted ex- 
actly to each vessel, and made water-tight by pieces of wet leather. 
Eacli bottom is joined to its vessel by a hinge D, so that it opens 
downwards like the lid of a box. By means of a little hook d, a 




pulley F, and a weight e, the bottom is kept close to the Yeasel, 
and will hold a certain quantity of water. 

E. That is, till the weight of the water overcome the weight e. 

F. No ; not till the weight, but till the pre^re of the water 
overcome the weight e. 

Now hold the second vessel upright in your hands, while I gra- 
duaUj TOUT water into it with a runnel; the pressnre bears down 
tiie bottom, and, of course, raises the weight, and a nuall quan- 
Ukj of the water escapes. Let us mark the height r a» at which 
the nir&oe of the water stood in the yessel when the bottom began 
to give way. 

Trj the other Yessel in the same manner, and we shall see that 
wiien the water rises to a, that is, to just the same height in this 
vessel as in the former, the bottom ^\ill also give way, as it did in 
the other case. Thus equal weights are overcome in the one 

10 
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case by 20 pints of water, and in the other by a single pint. The 
same would hold good if the diffsEenoe were greater or teas in any 
given proportion. 
S, What is the reason of this, papa P 

F. It depends upon two principles, with which you are now ao^ 
q;iiMinted. The first is, that fluids press equally in all direotions: 

and the second is, that action and reaction are equal and contrary 
to each other.* The wat^r, therefore, below the fixed part b /will 
press as much upward against the inner surface, by the action of 
the small column, as it would by a column of the same height, and 
of any other diameter whatsoever ; and since action and reaction arc 
equal and contrary, the action Jtgainst the inner surface b /' will 
cause an equal reaction of the water in the cayity b / c d airuinst 
the bottom c ; consequently the pressure upon the bottom of the 
first il<^ure will be as great as it was upon the same part of the 
8ec(ma (p. 145). 

C. Can yon prove by experiment that there is this upward prea- 
sore Mndnst the inner snriaoe b g ff ■ 

F, V cry eadly : supnose at / there were a little cork, to which 
a small string was fixea ; I might place a tube over the cork, and 
then draw it out, the consequence of which would be, that the 
water in the vessel would force itself into the tube, and stand as 
high in it as it does in the vessel. Would not this experiment 
prove that there was tins upward pressure against n 

C. It would ; and I can easily conceive that if otlu^r tubes were 
placed, in the same manner, in diiferent parts of b /, the same 
effect would be produced. 

F. Then you must admit that the action against b f, or, which 
is the same thing, the reaction against c, that is, the pressure of 
the water against the bottom, is equally ^reat as it would be if the 
▼essel were as large in every part as n is at the bottom* and the 
water stood level lo the height a a, 

C. Yes, I do ; because, if tubes were placed in every part of 
B ff the same effect would be produced in uiem all, as in ttic single 
one at /; but, if the whole surface were covered with small tube^^ 
there would then be little or no difference between the two vessels. 
See Figs. 10 and H. . 

F. Triere would be no difference, provided you kei)t filling the 
large tube, so that the water should stand in tlieni all at the same 
level A a. Othersvise, the introduction of a single tube af, would 
make a material difTerence : for though the water in a c would 
overcome the weight e, yet if with my hand I prevent any of the water 
from running out till I have taken out the cork» and suffered the. 
water to foroe itself out of the vessel into the small tobe^ I may 

• 8«t M««hMl«t, CMif«rMktl«B XL 
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remove my band irith safety : for the water will not overoome the 
weight now, though there is certainly the same gnantit v ol witor 
in it as there was before the little tuoe a f was inserted. 

E. I think I see the reason of this : the water stood as high as 
A a before the little tube was introduced, but now it stands at the- 
level .r ^'y and you told us yesterday that tlie pressures were only 
equal, provided the perpendicular heights were also equal. 

F. 1 am glad to find you so attentive to what I say. In order 
that the pressure may overcome the weight e, you must put in 
more water till it rise to the level a a, and now you see the 
wdjg^t rises, and the water iowa imt. 

Iwill put another tube, and the water rushing into that eansea 
the level to descend agam to x and I most pat more water in to 
bring the level np to a a, before it ean overcome the weight B. 
WhiUb I have shown in tliese two eases will hold true in all^ sap> 
posing you fill the cover with tubes* 

C. I see, then, that it is the diffeienoe of the perpendicular heights 
whicli causes the difference of pressure, andean now fully compre- 
hend the reason why a pint ot water may be made to balance or 
support a hogshead ; or, in the words with wliich you set out, that 
an^ quantity of water, however sr/iall, may be made to balance and 
support any other quantify, hoirerer large. 

F. What has been proved with regard to water, mav be shown 
to hold with regard tx) wine, or oil, or any other fluid. But the 
experiment will not answer if different flmds are made use of, as 
witfber and oil together. 



CONVERSATION VH. 

Of ike ffydroHoHe Bdkm. 

F. I think we have made it sulTiciently clear that the pressure 
of fluids of the same kind is always proportional to the area of t lie 
base multiplied into the peri)cndieular height at which the fluid 
stands, without any regard to the form of the vessel, or the quaur 
tity of fluid contained in it. 

E. But it still appears very mysterious to me, that a pint of 
water, in the narrow vessel (^ig. 10), should have an equal pressure 
with the 80 pints in the next vessel Yon will not say that one 
pint weighs as mndi as the SO. 

F. Your objection is proper. The pressure of the water upon 
the bottom c o does not in the least alter the wei|§pht of the vessel 
and water considered as one mass; for the action and reaction 
which canse the jprmwn^ destroy one another with rcsspeet to the 
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weight of the Teasel, which is as nnidi snstaiiied bj the actum up- 
wards as it is pressed by the reaotioii dowmrards. 
The presfure of fluids differs from the gnmtj or weight in this 

respect : the weight is according to the qumiiUgs bvt t&e pmtwn 
■ifl according to the perpendicular hpight. 

C. Suppose both vessels were tilled with any solid substance, 
would the effect produced \m verv ditFcrent ? 

F. If the water were changed into ice, for instance, the pressure 
upon the bottom of the smaller vessel would be much less than that 
upon the larger. 

Here is anotlier instrument td show yon that a yerf few ounces 
of water will lift up and sustain a large weight. 

B. Wbat is the mstmment called P 

It is made like common beUows, onlr without Tshres, and 

n r writers have given it the name of the hydro- 

^ ^ static bellows. This small tin pipe e op com.' 
municat es witfc the inside of the oellows. At 
present the upper and lower board are kept 
close to one another with the weight w. Pour 
this half pint of water into the tube. 

C. It has separated the boards and lifted up 
the weight. 

F. Thus you see that seven or eight ounces 
of water have raised and continue to sustain 
a weight of 561b. diminisliing the bore 
of the pipe and increasmg its length, the same, 
vif. la or eren a smaller quantity of water, woold 
raise a mnoh larger weight. 

C. How do you find the weight that can be raised by this small 
quantity of water? 

F. Fill the bellows with water, the boards of which, when dis- 
tended, are three inches asunder. I will screw in the pipe. As 
there is no pressure upon the bellows, the water stands in the 
pipe at the same level w^ith that in the bellows at r. 

Now place weights on the upper board till the water ascend 
exactly to the top of the pipe e : these weights express the weight 
of a pillar, or column of water, the base of which is equal to the 
area of the lower board of the bellows, and the height equal to 
the distance of the upper board from the top of the pips. 

E, Will yon make the expeiimeiitP 

F, Tonr brother shaU firm make the calonlation. 
0, But I must look to yon for assistance. 

jP. You will require veiy little of my help. Measure t he diameter 
of the bellowB, and the peipendicokr height of the pipe from the 
upper bottraL 
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€. The bellows are circular, and 12 inches in diameter; the 
height of the i)ipe is 36 inches, 

F. Well : voii have to find the solid content of a cylinder of 
these dimensions ; that is, the area of the base multiplied by the 
height. 

€, To find the area I multiply the square of twelve inches, that 
189 144, by the decimals 7854 and the product is 113 nearly, the 
number 01 square inches in the area d the bottom board of the 
bellows. And 1 IB mnltipliBd by 36 indie8> the length of the pip^ 

eives 4068, the number of cubic iurhes in such a cylinder; tnis 
divided by 1728 (the number of cubic inches in a cubic foot) leaves 
a miotient of 2*3 cubic feet, the solid contents of the cylinder. 
Still I have not the weight of the water. 

F. The weii^lit of pure water is equal in all parts of the known 
world, aud a cubical foot of it weighs 1000 ounces, or 62 J 
pounds avoirdupois, or nearly six-elevenths of a lunidred weight. 

C. Then such a cylinder of water, as we have been conversing 
about, weighs about 2300 ounces, or 144 poimds nearly. 

E. Let us now see if the experiment answers to Charles's cal- 
culation. 

F. Put the weights on carefolly, or you will daijh the water out 
at the top of the pipe, and I dare say that you will find the &ct 
agrees with the theory. 

C. H instead of this pipe one donble the length was nsed, would 
the water sustain a douole weight ? 

F. It would; and a pipe t£ree or four times the length would 
sustain three or four times p-eater weights. 

C. Are there then no limits to tliis kind of eigperiment, except 
those which arise from the difficulty of acquiring length in the 
pipe? 

F, The bursting of the bellows would soon determine tlie limit 
of the experiment. Dr. Goldsmith says, that he once saw a strong 
hogsheaa split by this means. A strong small tube made of tin, 
about 20 feet lon^, was cemented into the bung-hole, and then 
water was pourea in to fill the cask ; when it was full and the 
water had risen to within about a foot of the top of the tube, the 
vessel burst with mrodigious force. 

S. It is veiy difficult to conceive how this pressure acts with 
such power. 

F, The water at 0 is pressed with a force proportional to the 
peri)endicular altitude eoj this pressure is communicated horizon- 
tally in the direction op ana the pressure so communicated 
acts, as you know> equally m all directions : the pressure, there* 
fore, downwards upon the bottom of the bellows is just the same 
as it would h&i£pqnr were a cylinder of water. 
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The experiment made on the bellows might, for want of such 
instrument^ be made by means of a bladder in a box with a mov- 
able lid. 

E. Has this property of Hydrostatics been applied to any prao* 
tioal purposes ? 

F. The knowled|ge of it is of yast importance in the oonoemsof 
life. On this principle a press of immense power has been formed; 
which we shall describe (see Conversation XX), after you are ac- 
quainted with the nature and stmctiure of valves, and which is 
used in many searport towns for pressing into small compass hay 
and other commodities, for stowage on board ship, but which in 
their natural state would take up too much space. The same 
property is also applied to proving cables, by tearing them; 
and to the pulling up of trees. 



CONVEESATION Vn. 

(>fihe Ptt89Hr€ of Fluids against the Sides of Vessels. 

F. Do you recollect, Charles, the law by which you calculated 
the accelerated motion of falling bodies.* 

C. Yes : the space described increases in the same proportion 
as the odd numbers 1, 3, 5, 7, 9, &c. ; that is, if at the enti of one 
second of time the body has been carried through a vertieal space 
of 10 feet, then in the next second it will descend three times 16, 
or 48 feet ; in the third it will descend five times 16 feet, and in 
the next seven times 16 feet, and so on, continually increasing ac- 
cording to the same law. 

JP. Well, then, what I am going to tell you will tend to im- 
press the rule stDl more strongly on your memory. 

The pressure 6( fluids against the ndes of any yessd iaoreasea 
ia the same proportion, and is governed by the same laws. 

Suppose abed to be a cubical vessel filled 
\vith water or any otiier fluid, and one of the sides 
^ to be accurately divicled into any number of equal 



parts by the lines 1, 7; 2, 8 ; 3, 9; &c. 

Now if the pressure of the water upon the part 

of the vessel a 1 b 7 he equal to an ounce or a 
}i()und, then the pressure upon the part 1, 2, 7, 8, 
w ill be equal to three ounces, or three pounds ; 
Fig. 13. -'^'"l the pressure upon the part 2, 3, 8, 9, will be 
equal to Ave ounces or pounds, ana so on. 
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• C. Then I see the reason why the other part of the rule holds 
true, viz. that the pressure against the whole side must vary as 
the square of the depth of the vessel. 
F. Explain to us the reason. 

C. The pressure upon the firsi part hdng 1, and that upon the 
teeoifd % and that upon the tJUf^ 5 ; then the pressure upon the 
tet and second taken togsther is hj addition 4; upon the first, 
second, and third it must oe 9 ; and upon the fint, second, third 
and fourth, it will he 16 : bat 4» 9, 16, are the squares of 2, 3, 4. 

JS, And the pressure upon the vhoie side abed must be 36 
. times greater than that upon the small part al, 6 7- 

C. And if there are three vessels, for instance, of equal width, 
whose depths are as 1, 2, and 3, the pressure against the side of 
the second will be four times ^eater than that against the first ; 
and the pressure against the side of the third will be nine times 
greater than that against the first. 

F. You are right ; the beautiful simplicity of the rule, and its 
being the same bv which the accelerating velocity of falling bodies 
is governed, will make it impossible that you should hereafter 
fotmt it 

The nse that I shall hereafter call you to make of the rule, 
induces me to put a question to Emma. 

In two canals of eoiial section, one 5 feet dee^, and the other 
15, what difference ol pressure will there be against the sides of 
these canals P 

E. The pressure against the one will be as the souare of 5, or 

25 ; that against the othrr will be as the square oi 15, or 225 ; 
now the latter number divided by the former gives 9 as a quotient, 
which shows that the pressure against the sides of the deep canal 
is nine times neater tiian that against the sides of the shallow one. 

C. You liavt explained the manner of estimating the pressure 
of fluids against tlie sides of a vessel i by what rule are we to find 
the pressuie upon the bottom ? 

F, In such vessels, that is, where the sides are perpendicular to 
the bottom^ and the bottom parallel to the horizon, the preumv 
§Mbe equal to theweiaht of the Jlmd, 

JB, If then the yessel hold an imperial gallon of water, which 
weighs ten pomids, and if the bottom were made movable like the 
side, woidd a weight of ten pounds keep the water in the vessel? 

F, It would : ror then there would be an equilibrium between 
the pressure of the water and the weight. And the pressure upon 
any one side is equal to half the pressure upon the Dottom : that 
is, pro\dded the bottom and sides are equal to one another. 

C. Pray, sir, explain how that is made out. 

F, The pressure upon the bottom is, as we have shown, equal 
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to the weight of the fluid. But we have also shown that the 
pressure ou the sides becomes less and less continually, till at the 
surface it is nothing. Since then the pressuie upon the bottom 
is tmly representea by the area of the base multiplied into the 
altitade of the Tessel; the pressure iipoii the side vill be repre- 
sented by the base multiplied into half the altitude. 

IB, Is the pressure upon the four aidea equal to twice the pres- 
sure upon the bottom P 

F, It is ; consequently the pressure of any fluid upon the bottom 
and four sides of a cubioBkL vessel is equal to three times the weight 
of the fluid. 

Can you, Charles, tell me the difference between the toeighiKaSL 
the pressure of a conical vessel of water standing on its base ? 

C. The weight of a conical vessel of anv fluid is found by multi- 
plying the area of the base by ^ of its height, and then by the 
specinc gravity :* but the pressure is found by midtiplyingthe base 
by the specific gravity, and whole height ; therefore the pressure 
upon the ba^c will be ei^ual to three tmies the weight. 



CONVEBSATION Vm. 

0/ the Motion of Fluida. 

F. We will now eonsider the pressure of fluids with re^iard to 
the motion of them through spouting-pipes^ whieh is suhjeet to 

the same law. 

If the pipes at 1 and 4 (Eig. 13, p. 150) be eaual in size and 
length, the discharge of water hj the pipe at 4 wul be double that 
at 1. Because the velocity with which water sy>ut8 out at a 
hole in the side or bottom of a vessel is as the square root of the 
distance of the whole below the surface of the water* 

E. What do you mean by the square root ? 

F. The square root of any number is that whicli being multiplied 
into itself produces the saia number. Thus the square root of 1 
is 1 ; but of 4 it is 2 i of 9 it is 3 ; of 16 it is 4 ^ and of 25 it 
is 5 ; and so on. 

C. Then if you had a tall vessel of water with a cock inserted 
within a foot of the top^ and you wished to draw the liquor off 
three times fiiater than it eonid be done with that^ what would 
you do P 

F. 1 might take another eook of the same aiae, and insert it 

• The rate A»r iadinfr the aolldltf of » cone or r pyrnmld It tliio:— **MnUiplT tho >rw 
of th« b«M bjr ]-ad of the heig'ht, and th« product will b« ihn lolidity."— Sec Hiittou's or 
BraayoMUo's MrBsurotioD : or, an ' Introdactioa to the ArU and Seioaooo.' i>7 author 
ofSeuMvino DuuwBM, art. MmmrwHm, 
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into the barrel at nine feet distanoe from the surface^ and the 
thing required woiiid be done. 

E. Is this the reason wliy the water nins so slowly out of the 
cistern when it is nc;uly empty, in comparison of what it does, 
when the cistern is just full ? 

F. It is ; because the more water there is in the cbtem, the 
greater the pressure upon tbe part where the oock is inserted ; 
and the grei&er the pressure, the mater the Telodtj, and ocniBe- 
qoentlf Sie greater the quantity A water that is drawn off in tiie 
same tune. 

In some IcTOe barrels there are two holes for cocks, the one 
about tbe middle of the cask, the other at the bottom : now if, 
when the vessel is full, you draw the beer or wine from both cocks 
at once, you will find thkt the lower one gives out the liquor much 

the faster. 

C. In what proportion ? 

F. As the square root of 2 is greater than that of 1 ; that is, 
while you have a quart from the upper cock, nearly three pints 
would run from the lower one, providing the vessel were full. 

E. Are we then to understand that the pressure against the side 
of a vessel increases in proportion to the square of the depth ; 
but the velociiy qfafpouiing pipe, which depends upon the pressure 
at the orifioe itsdf, increases only as the «^aM»vm/of the depth? 

F, That is the proper distinction. 

C. Is not the velocity of water, running out of a rasel that 



Certainly : because, in proportion to the quantity drawn off, 
the surface descends, and consequently the perpendicular depths 

become less and less. 

The spaces described by the descending surface, in equal pro- 
portions of time« are as the odd numbers 1, 3, 5« 7» 9, &c.« taken 



E. If the height of a vessel filled with any fluid be divided into 
25 parts, and in a given space of time, as a minute, the surface 
descend through nine of those parts, will it, in the next minute, 
descend through seven of those parts, in the third minute five, in 
-the fourth three, and in the fifth one ? 

F, This is the law, and from it have been invented deps^dm^ 
or water-docks. 

C. ITow are water-clocks constructed ? 

F, Take a cylindrical vessel, and having ascertained tlio time it 
will require to empty itself, then divide, by lines, the surface into 
portions, which are to one another as the odd numbers 1, 3, 5, 7, &c. 

E. Suppose the vessel require six hours to empty itself, how 
must it be divided. 
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F. It must be first divided into 36 equal parts ; then, beginning 
from the surface, take eleven of those parts for the first hour, nine 
for the second, seven for the third, five for the fourth, three for 
the fifth, and one for the sLxth, and vou will find that the surface 
of the wdter will descend regularly through each of those divisions 
in an hour. 

I believe both of you have seen the looks that m constnioted 

on the river Lea P 
C. Yes ; and I have wondered why the flood-gates were made 

of such an enormous thickness. 

F, But after what you have heard respecting the pressure of fliiids» 
you will see the necessity there is for the great strength employed. 

C. I do ; for sometimes the height of the water is 20 or 30 
times greater on one side of the gates than it is on the other, 
tliercfore the pressure will be 400 or even 900 times greater 
against one side than it is against the other. 

E. Kow are the gates opened when such a weight presses against 
them ? 

T, There is scarcely any power by which they could be moved 
when this weight of water is against them ; therefore there are 
slnioes by the side, which, beinff drawn up, the water ^ts away 
imd passes into the basin till it oeoomes level on both sides ; then 
the gates are opened with the greatest ease, becauise, the pressure 
being equal on ooth sides, a small force applied will be suffident 
to o\ ercome the friction of the hinges, or other trifling obstacles. 

C. Is it this great pressure that sometimes beats down the banks 
of rivers? 

F. It is ; for if the banks of a river or canal do not increase 

in strength in the proportion of the square of the depth, they 
.cannot stand. Sometimes tlic water in a river will insinuate itself 
through the bank near the bottom ; and if the weight of the bank 
be not equal to that of the water, it will assured)^ be torn up, 

I will make the matter clear 
by a drawing. Suppose this 
figure be a section of a river, 
and c a orevioe or drain made 
bytimemMlerthebanky; by 
what we have shown before, 
the upward pressure of the 
water in thi^ drain is equal 
to the downward pressure 
of the water in the river ; 
therefore, if that part of the 
bank be. not as heavy a& a 



perhaps with great violence. 
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column of water the same height and width, it most be torn up 
bj the force of the pressure. 

C. Is there no method of securing leaks tiiat happen in the em- 
bankment s of rivers ? 

The only method is tliat calk d puddling. If « be the Ijank of a 
canal in wliicli a leak is discovered, the water must be first di'awn 
off before the leak, and a trench 18 or 20 inches wide dug length- 
wise along the aide of the camJ, and deeper than the Inttom of 
the eanal : this is filled, by a little at a tinie» with olay or loam re- 
duced into a semi-fluid state by mixing it with water : when the 
first layer, which ia seldom above six or eig^t inches deep, is 
nearly iry, another ia worked in the same mamier till the whole is 
filled. By this means, if the operation be performed l)y skilful 
hands, and time be allowed for all the parts to dry and ooiiere, the 
bank becomes strong and impenetrable. 



CONVERSATION IX. 
qfike MotUm o/Flmdf. 

F. I will now show you an experimeut, wliieh you will ob- 
serve the uniformity of Nature's operations m regard to spouting 
fluids. Let a b represent a tall 
▼essel of water, kept full dnring 
tte expCTimentfi. From the centre 
of this yessel I haye drawn a semi- 
eircle, the diameter of which ia 
the heidit of the yesael ▲ b. I 
haye drawn three lines perpendi- 
cular to tlic vessel, d 2 from the 
centre of the vessel; c 1, a 5, at 
equal distances from the ceutre, 
the one above and the other below 
it. By taking out the plug from 
the centre, you will sec that the 
water spouts to m. Take your compasses and you will find that 
the distance n m is exactly double the length ol d2, I \\ ill now 
stop this plug and open me next below. 

C, The wMer reaches to x, which is tkufale the length of « 6» 

F. Try in the same manner the pipe c. 

C. It falls at the same spot k, as it did firom the lower one. 

F. Because the lines c 1 and a 5 being equally distant from the 
centre of the semicircle, they are equal to one another. 

S. ThenKKiathedoaUeoftflas wellaaof a5. 




tUg. IS. 
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F. It is. The general nile deduced from these experiments, is 
that the horizontal distance to which a fluid will spout from an 
horizontal pipe, in anj part of the side of an upright vessel below 
the surface of the fluid, is erpial to twice tlie length of a perpcndi- 
cular to the side of the vessel, dra^m from the mouth of the pipe 
to a semicircle described upon the altitude of the vessel. 

Can you, Charles, tell me in what part the pipe should be 
placed, in order tbat the fluid should spout the farthest possible ? 

C, In the centre : for the line d S seems to be the greatest of 
all the lines that can be drawn from the yessel to the conred line. 

F. Yes, it 18 demonstrable by geometry that this is the case ; 
and that lines at equal distances from the centre^ above and below, 
are also equal to each other. 

E, Then, in all cases, if pipes are placed eqoaUj distant from 
the centre, they will spout to tlie same point. 

F. They will. Instead of horizontal pipes, I will fix three others 
near n, which shall point obliquely upwards at different angles ; 
one at 22° 30', the second at 15°, and the third at 6/° 80', and you 
will see that, when I open the cocks, the water will cut the curve 
line nearly, but not accurately, in those parts to which the hori- 
zontal lines were drawn. 

C, That which spouts from the centre is thrown to the point k, 
as it was from &e cento horisontal The two omrs feQ 
on the point on which the upper and lower hoii«mtal pipes 
ejected the atrram. 

E. I thought the water from the upper oodk did not xeach ao 
high as the mark. 

F, It did not. The reason is, that it had to pass through a 
larijer body of air, and the resistance from that retarded the water, 
ana prevented it from ascending to the point to which it would 
have ascended if the air had been taken away. 

Wliile we arc on this subject, I will just mention, that as you 
see the water-spouts the farthest when the pipe is elevated to an 
angle of 45°, so a gun, cannon, &c., will project a bullet the 
farthest, if it be elevated to an angle of 45°. 

C. Will a cannon carry a ball to equal distances if it be elevated 
at angles equally distant from 46*^ the one above and the olto 
bebwP 

F. It wiO, in theory: but owing to the great resistance whidh 
very swift motions meet with from the air, there must be allow- 
ances made for some considerable yaiiation between tbeoiy and 
practice P 

A regard to this will explain the reason why water wiN not rise 

so high in a jet as it does m a tube, 
i^. I do not know wiiat this means. 
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F. Turn to the figure in p. 144; the waier in the small tube 
liaes to a level that in the lai^r one ; now, if the tube H g 

were broken off at /, the water would spout up like a fountain, hut 
not so high as it stands in the tube, pcrhap.s no higher than to d. 
Is tnat owing wholly to the rosibtance of the air? 
F. It is to be ascribed to the resistance which the water meets 
with from the air, and to the force of gravity, which has a ten- 
dency to retard the motion of the stream. 

E. Why do fountains sometimes play higher and sometimes 
lower ? 

F. There is a reserroir of water, from which a pipe commmii- 
catea witii the jet in the fountain; and aooording aa the water in 
^e reserroir is higher or lower, the height to mich the fountain 

plays is regulated, 

/ rrom what you have already learnt on this subject, you will be 
able to know how London and other places are supplied with water. 

C. London is, I believe, partly supplied from the New Biver^ 
but I do not know in what manner. 

F, Tlie New River is a stream of water that comes from Ware, 
in Hertfordshire; it runs into a reservoir situated on the high 
ground near Islington. From this reservoir pipes are laid into 
those parts of town that have their water from the New Kiver, 
and through these pipes the water flows into cistems belonging to 
dUferent houses. 

M, Then the reservoir in Islington must be higher than the 
cisterns in London. 

F. Certainly ; because water will not rise above its level. Thus 
jou see that water may be carried to any distance, and houses, on 
different sides of a deep Talleiy; may be supplied by water from the 
same spring-head. You must remember that if the valleys are 
very deep, the pipes must be exceedingly strong near the bottom, 
because the pressure increases in the rapid proportion of the odd 
numbers 1, 3, 5, 7, &c., and therefore, unless the strength of the 
wood or iron be increased in the same proportion, the pipes will be 
continually bursting. 

E. You -told me the other day that the large mound of eartli, 
for it appears nothing else, near the end of Tottenham Court Boad, 
was intended as a reservoir for the New River. 

F, "What appears to you, and others who pass by % only as a 
mound of earth, is an exceedingly large basin, capaHle of contain^ ' 
ing a ^eat many thousand hogsheads of water. 

C. How do they get the water into it ? 

F. At Islington, near the New Kivcr Head, is made a large 
reservoir upon some very high ground, into which, by means of a 
steam-engine, they constantly wrow water from the New iiiver. 
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This reservoir being higher than tliat in Tottenham Court Road, 
nothing more is necessary than to lay pipes from Isliugton to that 
place, in order to keep it constantly full of water. 

By this contrivance tlie New River Company are able to extend 
their business to other parts of liondon, to wliicli their previous 
head of water could not reach. 

C. The weight of water in this place must be immensely great. 
It must ; and ^erefore you bbsme what a thiekoess the 
mound of earth against tiie wall ia at the bottom, and that it 
diminishea towards the top as the pressure becomes less and less. 

B, Would not the consequences be very serious if the water 
were to insinuate itself through the earth at the bottom F 

F. If such an accident were to happen when the reservoir was 
full of water, it would probably tear up the works, and do incre- 
diljle miscliief. To prevent this, the vast bank of earth is sloped 
within as well as without ; it is then covered with a strong coating 
of clay : after this it is built up with a very thick brick wall, wliicn 
is carefully tarrasscd over, so that the whole mass is as lirm and 
compact as a glass bottle. 

C, I see, then, that to get water to run above its original levels 
some other pressure besides its own must be added. 

Tes ; out there is a ease in whidi momentwm acts the part of 
this other pressure — ^in the hydraulie ram. This instrument is so 
constructed that the escape of the water is suddenly cut off: the 
momentum cannot be anmhilated in a moment, and therefore exer- 
cises itself against the sides of the tube ; if a small orifice is at 
tliis instant opened in the latter, the water will leap b^fond the 
level of the original reservoir. 



OONYERSATION X. 

Of the Specific Gravities of Bodies, 

S, What is the reason, papa» that some bodies, as lead or iron, 

if thrown into the water, smti^ while others, as wood, will swim P 
F. Those bodies that are heavier than water will mik in it» bnt 

those that are lighter will swim. 

E. I do not quite comprehend your meaning ; a pound of wood, 
another of water, and another of lead, are all equally heavy. For 
Charles played mc a trick the other day : he suddenly askca which 
was heavier, a pound of lead or a pound of feathers ? 1 said the 
lead, and Charles laughed at me, and said that both were the 
same, and, of course, so they were; for a pound is a pound, 
whether it be of lead or of feathers. 
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F. But, Emma dear, suppose you and I have our laugh at 
Charles^ and tell him that a pbima of feathers ia actnaUy heavier 

than a pound of lead. 

C. Iso, papa, you are joking ; it cannot be. 

F. But it IS ; for the pound of feathers is much larger in bulk, 
and is supported by a much larger bulk of the fluid, uamoly, air, 
in which it is weighed, and you will liud tliat if you compress a 
pound of feathers into a very small bulk, tiiey would weigh more 
than a pouud, and so would outweigh the leaa. But you will un- 
derstand this better as we go on. Do you know liow mucii water 
goes to a pound? 

C, Yes, about a pint. 

F. Do yon think that a pint of lead would weigh a pound only? 
C. Oh no ; that would weigh a great deal more, i do not be- 
lieve that the 14 pounds weight below stoiis is mnoh burger than 

a pint measure. 

F, Yes it is, by about a fourth Dart : the same measnie that 
contains one pound of water would, however, contain about 11 
pounds of lead; but it would contain 14 pounds of quicksilver, 
which, you know, 1 could as easily pour into the vessel as if it 

were water. 

Here are two cups of equal size : fill the one with water, and I 
will fill the other with quicksilver. Take the cups in your hand ; 
which is the heavier ? 

C. The quicksilyer by much. 

F, Bat we two caps are of eaoal size. 

R Then there must be equal quantities <d water and qtdek- 
sOrer. 

F. They are equal in bulk. " 
C. But very unequal in weight : shall I tiy how much heavier 
the one is than the other P 
F. If you please. In what manner will you asoertam the 

matter ? 

C. I will pour the quicksilver first into the scale and weigh it ; 
afterwards do the same with the water ; and divide the former by 
the latter ; will not that give the result ? 

F. Yes, it will: or you may make the experiment in this 
method : 

Here is a small j^hial, that weighs, now it is empty, an ounce ; 
M it with pure nun water, and the weight of the whole is two 
ounces. 

C, Then it contains one ounce of water. 

F, Four out the waler, and let it be well dried both within and 
without : fill it now retj accurately with quicksilver, and weigh 
it again. 
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E. It weighs a little more than 15 ounces : but, as the bottle 
weighs one ounce, the quicksilver weighs sometliiug more than 
14 ounces. 

jP. W hat do you infer from this, Charles P 
<7. That the qoicknlfer is more than 14 times heayier than 
water. 

F. I wiU now pour away the qnioksiher, and fill the phial with 
pure spirits of wine, or, as the chemists call it» with alcohol. 

E. it does not weigh two ounces now ; consequently, the fluid 
does not weigh an ounce. The alcohol is, then, lighter than the 
wat^r. 

F. By these means, wliich you cannot fail of understandinc^, we 
have obtained the comparalice weif/hts of three lluids : philosophers, 
as I have before told you, call these com})arative weights specific 
gravities of the lluids : they have agreed also to make pure rain 
water, the standard to which they refer the comparative weights 
of all other bodies, whether solid or fluid. 

C, Is there anv particular reason why they prefer water to every 
other substance r 

F. I told you a few days ago; that rain water, if very |>ure, is 
of the same weight in all parts of the worid ; and, what is very 
remarkable, a cubic foot of it weij^hs exactly a thousand ounces 
avoirdupois : on these accounts it is admirably adapted for a stan- 
dard, because you can at once tell the weit^ht of a cubic foot of 
any other substance, if you know its speeilic gravity. 

E. Then a cubic foot of quicksilver weighs 14,000 ounces. 

F. You are right : and if lead is 1 i times heavier than water, 
a cubic foot of it will weigh 11,000 ounces. 

For the same reason, ii gold of the standard fineness, or such as 
is employed in makliiff sovereigns, &c., were 17 times heavier than 
water, a cubic foot of that metal would weigh 17>000 ounces, or 
1416 lb. 8 OE. Troy weight. 



CONVERSATION XI. 

0/ tie Spedfie OrmiHei of Bodies. 

F. You now understand that the specific gravities of different 
bodies depend upon the diil'erent quautities oi matter which equal 
bulks of tnese bodies contain. 

E, Is it then the detmtt/ that constitutes the specific gravity? 

F, Undoubtedly it is : and, as we observed yesterday, water is 
made use of as a mediani to disoorer the diffsrant specific gravi- 
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ties of diifcrcnt bodies ; and also as astandard, to which thej ma^ 

be ail referred. 

Here arc three pieces of different kinds of wood, which I will 
put into this vessel of water : one sinks to the bottom ; a second 
lemains in any position of the "water in which it is placed; and 
the third swims on the water with more than half of the substance 
above Hs snrfiace. 

C, The first, then, is heavier than the water; the second is of 
the same weight with an equal bulk of the fluid ; and the third is 
lighter. 

F, Since fluids press in all directions, a solid that is immersed 
in water sustains a pressure on all sides, which is increaaed in 
proportion to the height of the fluid above the solid. 

E. That seems natural, but an experiment would flx it 
better in the mind. 

F. Tie a leatlicrn bag to the end of a glass tube, and 
pour in some quicksilver. Dip the bag in water, and the 
upward pressure of the fluid will raise the quicksilver in 
the tube, the ascent of wliich will be liigher or lower in 
proportion to the height of the water above the bag. 

p, I now understand that, the upper part of the tube 
nng emp^, or, at least, only flllea with air, the upward 
pressure oi the water against the bag must be greater than the 
downward pressure of tito air ; and t&t, as the pressure increases 
according to the deptii, therefore tibe mereuiy must keep rising in 
the tube. 

What is the reason that a body heavier than water, as a stone, 
sinks to the bottom, if the pressure upwards is always equal to 

that downwards ? 

F. This is a very proper question. The stone endeavours to 
descend by the force oi gravity ; but it cannot descend witliout 
moving away as much of the water as is equal to the bulk of the 
stone ; therefore it is resisted, or pressed up^ ards, by a force 
equal to the weight of as much water as is equal in magnitude to 
the bulk of the stone ; but the weight of the water is less than 
that of the stone, consequently the force pressing against it up- 
wards is Im than its tendency downwards, and tnerefore it wul 
sink with the i^ermee of these two forces. 

You will now be at no loss to understand the reason why bodies 
lighter than water swim : 

At pMtlBjp ttrftwi and baojant leavM 

The Yielding ■urfnci* but receivea, 

While p«-arls, that lure the 8enrchin|f tj*^ 

Deep-tirnsurtrd in ita boiom lie} 

Mny trifles such reception lind, 

Flint merely iritnticut on nuy mind, 

While weisbvisr tbotishu •4aua*toa win, _ 

Stek «lMlr wteto «ivttt, fMt wlthia. BMWitB.^ 
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C. The water being heavier, the force upwards is greater than 
the natural gravity of the bodj» and it wiU be buojfed up by the 
difference ot' the forces. 

F. Bodies of this kind, then, will sink in water, till so much of 
them is below the surface, that a bulk of water, equal to the bulk 
of the jjart of the body below the surface, is of a weight equal to 
the w^ht of the whole body. 

R Will yoa eiq^lain this more jpartacnlarfy P 

F. Suppose the bodT to be a piece of mod, part of which wili 
be above, and part below the surface of the water : in this state 
conceive the wood to be frozen into the water. 

€, I understand you : if the wood be taken out of the ice, a 
vaooity will be left, and the quantil^ of water that is required to 
fill that vacoity will weij^ as much as the whole substance of the 
wood. 

F. That was what I meant to have said. 
There is one case reuKiining : where equal bulks of the w^ater 
and the wood are of the same weight, the force with 
which the wood endeavours to descend, and the force 
tluit opposes it, being equiJ to one auother,uiid acting 
in contrary directions, the bodjr will rest between 
them, so as neither to smk its own weight, nor 
io ascend by the upward pressure of the water. 

E, Whsit is the meaning of this glass jar with the 
images in it ? 

F. I placed it on the table in order to illustrate 
our subject to-day. You observe that, by ])rossing 
the bladder with my hand, the three images ail sink. 

TifT 17. B. But not at the same moment. 
F. The imagers are made of glass, and about the same specific 
gravity with tlx; water surrounding them, or perhaps rather less 
than it, and consequently they all noat near tlie surface. They 
arn hollow, witli little holes in the feet. "Wlien the air, which lies 
bcLwecn the ijludder and the surface of the water, is pressed by 
my hand, there is a pressure on the water which is communicated 
through it, and that part of it which lira contiguous to the feet of 
tile images will be forced into thdr bodies, by which their weight 
is so much increased as to render them heavier than the water, 
and they descend. 

C. Why do they not all descend to the same depths P 
F, Because the hollow part of the im^ £ is larger than the 
hollow part of D, and that is larger than that of c ; consequently 
the same pressure will force more water into £ than into D, and 
more into d than into c. 

F. Why do they begin to ascend now you have taken your hand 
away ? 
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F. I said the hollow parts of the images were empty, wliich was 
not quite correct : they were full of air, which, as it could not 
escape, was compressed into a smaller space when the water was 
forced in by the pressure upon the blaader. But as soon as the 
pressure is removed, the air in the images expands, drives out the 
water, and they beoome as light as at first, and will therefore rise 
to the raiftoe. 

C, The images, in naiDgup to the amface, tamed immd. 

F. This circolar motion is owing to the hole being on one side ; 
and when the pressure is taken off, the water isaoin^ out quickly 
ia lesbted by the water in the Teasel, and the leacti^Eeing exerted 
on one footi toma the figare lonnd. 



CONYEESATION XH. 
Of ike Metkoils of finding the Specific Oraoit^ of Bodies, 

E. What are you going to 
weigh with these scales ? 

F. Tills instrument is called 
the hydrostatical balance ; it 
differs but little from tlie ba- 
lance in common use. Some 
instroments of this kind are 
mora oonmlicatedf bat the 
most simple are beat adi^ted 
to my purpose. 

To the beam two seale-pana 
are adjusted, which majr be 
taken off at pleasme. lliere 
18 also another pan of equal 
weight with one of the others, famished with shorter strings and 
a small hook, so that any body may be hong to it» and then im- 
mersed in the vessel of water b. 

C, Is it bv means of this instrument that you Hud the speoihc 
gravity of ditlerent bodies ? 

F. It is : I will lirst give you the rule and tlien illustrate it by 
experiments. The rule should be committed to memory. 

"Weigh the body lirst in air, that is, in tlie common method ; 
then weifjh it in water ; obscr\x how much weight it loses by being 
weighed m water ; and, by dividing the former weight by the loss 
anstained, the result la its specific gravity, compand with that of 
the water." 

I will give you an ezamplc^Here ia a guinea of George III : 




FIff. 18. 
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it weigbs in the air 1 29 grains ; I suspend it by a fine thread of 
horsehair to the hook at; the bottom of the pan a, and jom see 
tiiat by being immersed in water it weighs only 121) grams. 

E, Then in the water it has lost of its weight 7\ grains. 

F. Brnde 129 by 7i, or by turning the \ into decimals, by 7*25. 
C, But I must add two ciphers to the 129 grains, because there 

must always be as many decimals in the dividend as there are in 
the divisor. And 129*00 divided by 7'25 gives for the quotient 
more than 17. 

F. The gold therefore is more than 17 times heavier than water. 

E. 1 do not understand the reason of this. 

F. In this scale is a basin filled accurately to the brim with 
water. I will put a piece of mahogany into it very gently j any- 



E. The water runs over into the scale. 
Jl So I ezpeetod it woxdd : now evmtbing is at resty and the 
bashi is just as full as it was at first, only that the wood and 
water together fill the basin, whereas it was all water before. I 
will take away the basin, and pat the mahogany by itself into the 
other scale. 

E. It balances the water that ran out of the basin. 

C. The mahogany then displaced a qnantity of water equal to 

itself in weight. 

F. And so did the guinea just now ; and if jou had taken the 
same precaution, you would have found that the quantity of water 



lost by being weighed in the lluid. 

E. Am 1 to understand, that what any substance loses of its 
weight, by being immersed in water, is equal to the weight of a 
quant^ of water of the same bulk as the snbstanee itself r 

F, iTnis is tme, if the body be wholly immersed in water ; and 
with regard to fJl substances that are specifically heavier than, 
water, yon may take it as an axiom, that " every body, when im- 
mersed in water, loses as much of its weight as is equal to the 
weight of a bulk of water of the same magnitude." 

I will now place this empty box in the basin filled to the ed^e 
with water, and, as before, it drives over a quantity of the fluid 
equal in weight to itself. Put in two pcnny-pieces, and you per- 
ceive the box sinks deeper into the water. 

C. And they drive more water over : as much, I suppose, as is 
equal in weight to the copper coin. 

F. lliglit : how long could you go on loading the box ? 

C. the weight of the copper and box, taken tojgether, is 
something ^eater than the weight of as much water as is equal in 
bulk to the Dox. 



thing else would answer the 




equal in bulk to tl 




Digitized by Google 



spiicmc GEAvm. 



165 



1*. You iuidflrataiid, then, the reason why boats, barges, and other 
vessels, swim onirater ; and to what extent you may load them 

"with safety. 

E. They will swim so long as the weight of the vessel and its 
lading to^tiier is less than that of a quantity of water equal in 
bulk to the vessel. 

F. Can you, Charles, devise any method to make iron or lead 
swim, which are so much heavier than water ? 

C. I think I can. If the metal be beat out very thin, and the 
edges toxned up, I oan easily conoeiye that a ben or a boat of it 
may be made to swmi* 

K I have often wondered how the ball in the cistem acts. 

F, The ball, though made of oopper, which is eight or nine times 
heavier than water, is beat out so tmn, tihat its bulk is much lighter 
than an eaual bulk of water. By means a handle it is fastened 
to the cock, through which the water flows, and as it sinks or rises^ 
it opens or shuts tne cock. 

If the cistern is empty, the ball hangs down and the cock is 
open, to admit the water freely ; as the water rises in the cistern 
it reaches the ball, which, being lighter than the water, rises with 
it, and, by rising gradually, shuts the cock, and, if it be properly 
placed, it is contrived to shut the cock just at the moment that 
the cistem is full. 

In the same way that these balls are made, boats of iron are 
now OQOstnieted: thqr will last longer than wood, and canse less 
friction in passing thiondi tiie water. 

Iron vessels are very frequently constructed now ; many small 
ones are well known on the Thames ; some of a large class voyage 
between Folkstone and Dover ; but the largest that has been oon- 
sbructed is the Great Britain steam-sh^ which has more than 
once made the voyage to Aiiierira. 

Can you, Emma, find the specific gravity of this piece of silver ? 

F. It weighs in air 318 grains; I now fasten it to the hook 
with the horsehair, and it weighs in water 288 grains, whicli 
taken from 318, leave 30, the weight it lost in water. By dividing 
318 by 30, the quotient is about 10 J, consequently the specific 
gravity of the silver is ten and a half times greater tlian tnat of 
water. 

^. Wlmt is the spedfio gravity of this pieoe of fl^ It 
weighs 12 pennyweijB^hts in air. 

0, And m water it weighs only 8, and consequently loses 4 by 
lamiersion ; and 12 divided fay 4 gives 3, therefore the speoifie 
gravity of flint-glass is 3 times greater than that of water. 

F. This is not the case with all flint-j^lass ; it varies fixmi 2 to- 
ahnost ^ 
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Here is an oiince of qiikibnlTer ; kt me ki^ 

gravity by the metiiod now proposed. 

E. HowwiUyoanianagetiittfcPyoaeannotluyiigitiip 

the balance.. 

F, But you may suspend this glass bucket on this hook ; 
immerse it in the water, and then balnnoe it exactly with 
weights in the opposite scale. 

I will now put into the bucket the ounce or 480 grains 
of quicksilver, and see how much it loses in water. 

C. It weighs 445 grains, and consequently it lost 35 
^ grains by immersion ; and 480 divided oy 35 give almost 
Fiff. 19. 14, so that mercury is nearly 14 times heavier than water. 
In the same manner we obtain the specific graTitj of {dl 
bodiea that coiuisfc of small firagmenta. 'Aej nrast be pat int» 
the glasa IradLet and wdgfaed : and then if from the weight of the 
bndtot and bo^ in the fioid you subtract the we^t of tne boekei 
til ere remains tne weight of uie body in the fluid. 

E. Why do you make use of horsehair, to suspend the 8ttb« 
stances with ? would not silk or thread do as well P 

F. Horsehair is by much the best, for it is very nearly of the 
same specific gmvity as water ; and ito substance is o^ such a 
nature as not to imbibe moisture. 




OONYERSATION XIIL 

0/ihe Method* (^finding tie S^peajfie Gramiiet ifBodiee. 

C I have endeaTonred to find oat the apeeific gravity of this 
piece <rf beedi«wood ; bat» as it will not irink in the water, I knoir 

not how to proceed with it. 

F, It is true that we have hitherto only given rules lor finding 
the specific gravitj of bodies that aie heavier than water ; a little 
consideration, however, will show you how to obtain the specific 
^^vity of the beech. Can jon oontnfe means to sink the beeoh 
UL the water ? 

C. Yes ; if I join a {oece of lead, or other metal, to the wood, it 
will sink. 

F. The beech weighs 660 grains ; I will annex to it an ounce, 
or 480 grains of tin, wliich in water loses of its weight 51 grains. 
In air tne weight of the wood and metal taken together is 1140 
grains; bat in water ^bqr WQgli Imt 188 gndiM : 188 taken 6mn 
Il40 leave 1008, the diiecenee between tfiie weights hi air and in 
water. 

C. I noir see the mode ol finding what I want The wM/b^ 
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mass loses 1002 grains by immersion, and tlie tin by itself lost iii 
water 51 pains ; tlicrcfore the wood lost 951 grains of its weight 
by immersion ; and 6G() grains, the wci^^ht of the beech in air, 
divided by 951, which it may be said to lose by immersion, leaves 
in decimjus for a quotient •694. 

F, Then making water, the standard, equal to 1, the beeeh is 
'694, or nearly^ ^ths of 1 ; that is, the specific gravity of a cubic 
foot of water is to that of a cabic foot m bee<£ as 1000 to 694 y 
for the one weighs 1000 oimoes^ and the other 694 ounces. 

E. It seems odd how a piece of wood that weig^ about 660 
grains in air, should lose of its weight 951 grains. 

F. You must, in this case, consider the weight necessary to 
make it sink in water, which mnst be added to the weight of the 
wood. 

1 will now endeaYonr to make the subject easier by a different 
method. 

This small piece of elm a, I place between the 
tongs, that are nicelybalanced on the beam. The elm 
weighs 36 grains. To detain it under water I must 
hang 24 grains to the end of the lever on which the 
ton^ axe fixed; then, by the Rnleof Three, I say as the 
flpecific graviCy of the ebn is to the speoific gravity of 
tne water, so is 36, the weight of the efan, to 60, the 
weight of the elm, and the additional weight required 
to sink it in water, or as 60 : 36, so is the specific ft* m. 
gravitT of the water to the specific gravity of the ehn. 

E. Yon have not obtained the specific gravity of the ebn, but a 
proportion only. 

C. But three terms are given, because the water is always con- 
sidered as unity or 1, thereiore the specific gravity of the elm is 

36 X 1 

==-6 

60 

- A I do not yet comprehend the reason of the proportion as- 
sumed. 

F, It is very simple. Hie ebn is lighter than the water, but bjr 
hanging weiffhts to the side of the balanee, to which it is attached, 
in order to aetain it just under water, I make the whole exactly 
equal to the specific gravity of the water ; bv this means it is 
evident, that the compuative gisvity of the eun is to that of the 
water as 36 to 60. 

Try this piece of cork in the same manner. 
E. It weiglis { an ounce, or 240 grains, in air ; and to detain 
the cork and tongs just under water, I am obliged to hang 2 
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ounces, or 960 grains, of lead on the lever ; therefore the specific 
gravity of the cork is to that of the water as 24^0 is to 1200^ and 
240 divided by 1200 gives the decimal '2. 

F, Then the specinc gravity of water is 5 times greater than 
that of cork. 

C, We have aooordinffly obtained the specific gravities of water, 
beedi, ehn, and oork, wmoh are as 1, *7 nearly, '6, and '2. 

F. You now understand the methods of obtainiiig the specific 
gravity of all solids^ whether lighter or heavier tiian water. In 
makioff experiments upon liftht and poious woodst the operations 
must be performed as qmcklj as possibly to pre?ent tiie water 
from gettmg into the pores. 

C. And you have likewise shown us a method of getting the 
specific gravities of fluids, by weighing certain quantities of each. 

F. I nave a still better method ; the rule I will give in words : 
you shall illustrate it by examples. 

*' If the same body be weighed in different fluids, the specific 
gravity of the flnids will be as the weights lost." 

E. The bodj made nae of must be &m6r than the tmds. 
Certainly ; this glass ball loses of its weight, by immersion 

in water, 803 grains'; in nulk it loses 831 grains ; timrelore the 
specific cavity of water is to that of milk as 803 to 831. Now 
a cubicsd foot of water weighs 1000 ounces : what will be the 
weight of the same qnantity of milk P 

1000 x 831 

M. As 803 : 831 : 2 1000 ; = 1035 ounces neariy* 

803 

F. Do you, Charles, tell me what is the specific gravity of some 
spirits of wine which I have in tins phial. 

C. The glass loses in water 803 grains, in the spirits of wine it 
loses 699 grains, therefore the specific gra\ ity of water is to the 
spirit as 803 is to 699; and to find the weight of a cubical foot of 

lOOO X 699 

thespuit,! say,as 803 : 699 : : 1000 : —— as 870 ounces. 

803 

There is another very elegant method. A very thin glass bottle 
is prepared, and into it is poured exactly 1000 grains of distilled 
water, and the height it reaches is marked on the neck ; a piece of 
lead is made to counterpoise the bottle, when thus filled. If the 
bottle is now filled up to the mark with any other liquid heavier 
than water, the number of extra grains added to 1000 gives the 
specific gravity of the liquid ; for instance, if sulphuric acid were 
weighed, it would require^81-5 additional grains, so that its specific 
gravity would be ISiio. Por lighter liquids^ as alcohol, &c.| the 
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weights must be put in witli the bottle, and subtracted from a 
thousand. If alcohol were weighed, 200 grains must be added, 
which mil make its specific gravity 800. 

F. You may now deduce .the method of compai ing the specific 
gravities of solids onewitii another mthout making a common 
staadard. 

Here is an oimoe of lead and another of tin : I may weigh them 
in any fluid whatever : in wafcer the lead loses by immersion 42 
grains, and the tin 63 grains. 

i?. Is the speoifio gravity of tiie lead to that of the tin as 43 
t6 63 ? 

F. No : " the specific gravities of bodies are to one another in- 
versely as the losses of weight sustained:" therefore the specific 
gravity of the lead is to that of the tin as 63 to 42 ; or, if a bloek 
of lead weighs 63 pounds, the same sized block of tin will weigh 
43 pounds only. 

C. I think I see the reason of this : the heavier the body, the 
less in proportion it loses of its weight by immersion ; therefore, 
of two Dodies whose aheolttte weights are tiie same, that is, each 
weighing an oonce, oound, fte.. tiie one which loses least of its 
weight will be specimsally the heaviest. 

F. You are right ; for the specifio gravity of bodies is as their 
density, and their densities are inversely as the weights th^ 
lose by immersion; that is, the body which is most dense will lose 
the least in water. 

E. Why does the more dense body lose less of its weight 
when immersed in water ? 

F. Because it displaces the least quantity of water : thus an 
ounce of copper would occupy seven or eight times less space than 
an ounce of wood j and would, of course, displace seven or eight 
times less water. 



CONVERSATION XIV. 

Of (he Methods qf obtaining the Specific Gravity of Bodies, 

S. To whom are we indebted f or the disoorery of the mode of 

performing these operations P 

F. To uat most eebbiated mathematician of antiquity, Archi- 
medes. 

C. Was he not slain by a common soldier at the si^ of Syra- 
cuse ? 

F. He was, to the great grief of Marcellus, the lloman com- 
mander, who had ordered tnat his house and person should be 
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respected ; but, as Livy says, lie was slain by a soldier, not know- 
ing who he was, while he was describing mathematical diagrams 
ou the ground; that the Roman commander gave him a magnificent 
funeral, and made his name a protection ana honour to those irlio 
ooald claim a idatioiiabq^ to him. The death of Aiehimedes 
happened more than 800 yean before the biith of Christ. HJa 
oefebrity was so mat amon^ tiie Hteiati of Bome, that his 
tragical end causea more real sorrow than the capture of the 
whole island of Sicily did joy. 

We are informed bj history, that it was bT the wisdom of Ar- 
chimedes that the m^o of Syracuse was long suspended : by 
his inventions multitudes of the Roman army were killed, ana 
their ships destroyed ; and it is added, that he made use of burn- 
ing glasses, which, at the distance of some hundreds of yards, set 
the Roman vessels on fire. 

C. I wonder then that he was not defended by his fellow-citizens. 

F. Alas ! my child, I am sorry to say, that in other countries, as 
well as Sicily, there have been instimces in which persons, who 
haye benefited thev coontrv as mndi as Aidiimedefl^ have expe- 
rienced BO more giatitnde than he did. 

It is a fortunate circumstance when the efforts of philosophy 
are directed, under aUe jud^ent, to the defence of one s country. 
The Bom an s had no more n^ht to plunder Sicily than the high- 
wayman has to rifle jour vowets or nunc. In the eye of reason 
and justice, offensive war u the most deliberate and cruel system 
of roobery and murder. 

But to return to our subject. To Archimedes the world is in- 
debted for the discovery, " That every body heavier than its bulk 
of water loses so much of its weight by being suspended in water, 
as is equal to^ the weight of a quantity of water equal to its bulk." 

E» How did he maJce the discovery ? 

F. Hiero, King of Syracuse, had given to a jeweller a eeartam 
quantify of pure gold, to make a crown for him. The monarch, 
when he saw the crown, svapeeted tiie artut of having kept back 
part of the gold. 

jB". Why did he not weigh it ? 

F. He did, and found the weight right but he anqpected, per- 
haps from the colour of the crown, that some baser metal nad 
been mixed with the gold, and therefore, though he had his weight, 
yet only a part of it was gold, the rest was suver oar copper. He 
appUed to Archimedes to mvestigate the fraud. 
' C. Did he melt the crown, and endeavour to separate the metaila? 

F. That would not have answered Hiero's intentions: his object 
was to^ detect the roguery, if any, without destroying the work- 
manriup . While the ptmosopher was intent upon the prol^lem, he 
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went, according to his custom, into the bath, and he obscn-cd that 
a quantity of water flowed over, which he thought must be equal 



Hicro's problem. In raptures at the discovery, lie is said to have 
leaped from the water, and run naked through the streets of the 
city, shouting aloud, 'Evpn^al 'EvpnKal "I have I'ouiid it out! 
I have found it out !" 

When the excess of his joy was abated, he took two masses, 
one of gold, and the other of silver, each equal in weight to the 
orowBy and having filled a vessel very accurately with water, into 
n^uoih he fint diroed the sihrer mass, and observed the quantity of 
water that flowed over, he then did the same with the gold, ai^ 
found that a less quantity of water had flowed over than oefqre. 

C, And he was, from these trials, led to conclude, that the bulk 
of the silver was greater thim that of the gold P 

F. He was ; and also that the bulk of water displaced wai, in 
each experiment, equal to the bulk of the metal. He then made 
the same trial ^vith the crown, and found that though of the 
same weight with the masses of silver and gold, yet it displaced 
more water than the gold, and less than the silver. 

E. Accordingly he concluded, I imagine, that it was neither 
pure gold nor pure silver. 

C, But how could he discover the proportions of each metal ? 
^ F. I believe we have no other facts to cany us farther into the 
hiatoiy of this interesting experiment. But to-morrow I will en- 
deavour to eiplaia and ilfiistmte the matter. 



Of ike Method ofMaining the Specific Oraoity ofBodiea. 

E, I am eager, papa, to claim jour promise of describing the 
method of detecting the proportion of each metal, when two are 



J^. If I take in change a guinea, which I suppose to be bad : 
upon trying it I find it weighs 129 grains, which is the standard 
weight of a guinea. I then weigh it in water, and it loses of its 
wemil 8i grains, by which I divide the 129, and the quotient i» 
16'o,ihespecifiegiaviijof thegoinea. But you know m npeoiflo 
mvi^ of tiie gold, made at the IGnt, .is more than ly, and 
therefore I conclude the guinea is base metal* a mixture of ulver; 
or copper, with standard gold. 
C. But bow will yon get the proportions of the two metals ? 
F, Suppose^ for eiample, that the mass be a ownpound of ailvet 




He instantly saw the solution ot 



CONYERSATION XV. 
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and ffold. — " Compute what the loss of a mass of standard gold 
would be ; and likewise the loss which a mass of silver equal in 
weight to the guinea would sustain. Subtract tlie loss of the 
gold from that of the compound, the remainder is the ratio or 
proportion (not the quantity) of the silver : then subtract the loss 
of the compound from that of the silver, the remainder is the 
pr opo rtion of the gold.** I will propose you an example. 

What are the proportions of sdver and gold in a guinea webb- 
ing 129 gains, whose speoific gravity is mmd to m only 13*09 ; 
sappoeiiig the loss of standard gold 7'35« and that of a pieoe of 
silTer, equal in weight to a guinea^ 13*46, and the loss of the 
compound 9*85 ? 

C. I first sabtract the loss of standard gold, 7'25, from the lose 
of the oomponnd, 9*85, the remainder is 2 6 : 1 now take the loss 
of the compound, 9*85, from that sustained by the silYer, 12*45, 
and the remainder is also 2*6. 

F. Tlien the proportions of silver and gold are eaual to one 
another, consequently the fabe guinea is half standara gold and 
half silver. 

Here is another counterfeit guinea, which is full weight ; but I 
know it is composed of standard gold adulterated with copper, 
and its loss in water is, as you see, 8*64 : now tell me the pro- 
portions of the two metals; but jou shoold be infonned ilmt a 
piece of copper of the weight <^a guinea wonld lose in water 
14*66 grains. 

E, Ideduct 7*25, the loss of a guinea standard gold» from 8*64, 
the remainder is 1*39 : 1 now tdce the loss of the compound 8*64, 
from 14' 65, the loss sustained by apiece of copper equal in weight 
to a guinea, and the remainder is 6*01. Is not the proportion of 

copper to gold as 139 to 6*01 ? 

F. You are quite right. Now, by the Kule of Three, tell me 
the quantity of each metal. 

K To find the weight of the copper, I add 6-01 and 1*39 together, 
which are the proportional weights of the two metals. And say, as 
7*40, the sum, is to 1-39, the proportional weight of copper, so is 
the wdght of the guinea, 129 grains, to the re<tl loeigM of copper 

contained in the counterfeit guinea: but 1^^^^^?=24*1, therefore 

7'40 

there is a little more than 24 grains of copper in the compound.^ 

Yon have foond then frat there are 24 gndns of copper in 
this oomteKfeit guinea. How will yon find the freight of the 
gdldP 

E, Yeiy easily : for if the composition be copper and gold, and 
there are foima to be 84 grains of copper, there mnst be 105 pf 
gold* 
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C. I have a question to propose. If by chance you take a bad 
guinea, how should you be able to ascertaia the value it would ' 
fetch at the goldsmith's ? 

J^, A piece of copper, of equal weight with a guinea, loses of its 
weight in water 14 65 grains, 7 '^ more than is lost by a standard 
guinea. The value of a standard guinea is 252 pence : divide 
therefore 252 by 7*4, and you get 34, the uumber oi pence that is 
deckusted frcon the value of a guinea, for every gram it loses in 
urater more than it would lose if it were sterling gold. 

K In the guinea that lost 8*64, how much must be deducted 
from the real value of a guinea standard gold ? 

C. I can tell that : subtract 7*25 from 8*64, the remainder is 
1*39, and this multiplied by 34 pence gives 47*26 pence, or veiy 
nearly 4 shillings, consequently that guinea is worth only ly 
shillings. 

F. Suppose the compound were silver and gold, how would you 
prgceed in making an estimate of its value ? 

C. A piece of silver of the weight of a guinea would lose 1215 
grains, from which I deduct 7*25, and with the remainder 5 2 1 
divide the value of a guinea, or 252 pence, and the quotient is 4:8'4 
pence, or rather more than 4 shillings is to be deducted from the 
value of a guinea adulterated with silver, for every grain it losed 
by immersion more than standard gold. 

E. How is that, papa? Silver is much dearer than copper, and 
yet you allow 4 sliiflings a grain when the guinea is alloyed with 
silver, and but 2*. lOrf. when the mixture is made with copper? 

F. Because the specific gravity of silver is much nearer to that 
of gold than that oi copper ; consequently, if equal quantities of 
silver and copper were mixed with gold, the silver would cause a 
niuch less loss by immersion in water than the copper. 

As it seldom liappens that the adulteration of metal in guineas 
is made with all copper, or with all silver, but gen(M-ally with a 
mixture of both, three shillings is ujion the averai^'t^ allowed for 
every grain that the base metal loses by immersion in water more 
than sterling gold. 

B, There is a sQver cream-iu^ in the paiiour; I have heard 
mamma say, she did not think it was real silver : how could she 
find out whether she has been imposed on? 

F. Go and fetch it. We wiU now weigh it. 

E. It weighs 5J ounces, but I must weigh it in water, and it 
has lost in tne water \0\ pennyweights ; and dividing 5J ounces, 
or 110 penny we ights^ by 10i» I get for answer 10' 7> the specific 
gravity of the jug. 

F. Then there is no cause for complaint, for the specific gravity 
of good wrought silver is seldom more than this. 
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TABLE OP SFEClflC GBAVITIES. 



Distilled water 
Sea water 

Platina . 
Standard gold 
Mercury 
Standard silver 
Lead 
Brass 



1-000 

1020 
22 069 
19-258 
13 586 

10- 474 

11- 352 
8-396 



Copper 

Tin . 
Iron (cast) . 
Iron (bar) . 
Zinc . 
riint-fflass . 
Marble 
Ivory . 



8-788 


Coal 


1-250 


7-291 


Oil . 


. -940 


7-207 


Oak 


• -925 


7-788 


Ash 


. -845 


7-100 


Maple 


. -755 


3-329 


Elm 


. -600 


2700 


Fir . 


. -550 


1-825 


Cork 


. -240 




CONVERSATION XVL 

Q/'ihe Hj/dromUr, 

F. Before I describe the oonstmctioii and uses of the hydro- 
meter, I will show you an experiment or two. You know {hat 
wine is specifically lighter than water, and the lighter body will 
always be upDermost. I have filled tne bulb b with 
port wine to the top of the nanow stem x, I now fill 
A with water. 

E. The %\'ine is gradually ascending like a fine red 
thread through the water to its surface. 

F. And so it will continue till the water and wine 
have changed places. 

C, I wonder the two liquids do not mix, as wine 
g and water do in ft comnMm drinking glass. 
Fir.si. ;) ^* It.is the narrowness of the st^4r which prevents 
' " the admixture : in time, howerer, this would be effected, 
because water and wine have what the chnnists call an attraction 
for each other. 

Here is a small bottle b, with a neck three inches long, 
I and aboiit one sixth of an inch wide ; it is full of red wine. 
I I will now place it at the bottom of a jar of water, a few 
inches deeper than the bottle is high. The wine, you 
observe, is ascending through the water. 

E. This is a very pretty experiment : the \vine rises in 
Fif . ». * small column to the surface of the water, spreading itself 
over it like a cloud. 
F. Now leverse tiie experiment : fill the bottle with water, and 
plun£fe its neck qnickhr into a glass of wine with its numth down- 
ward; the wine is taking the place of the water. 

0, Gonldyoadecantabottieof wine in this way without torn- 
tng it up r 
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^ T could, if the neck of the decanter were sufficiently small. 
The negroes in the West Indies are said to be well acquainted 
with this part of hydrostatics, and to plunder their masters of rum 
by filling a common bottle with water, and plunging the neck of 
it into the bun^-hole of the hogshead. 

Upon the principle of lighter ftiids keeping the uppemmt parts 
of a yessel, serenil fluids may be placed one upon another in tiie 
same vessel vithoiri; mixing; thns in « long upright jar, three or 
four indies in diameter, i ean place water firsts then port wine, 
then oU, hra^dy, oil of turpentine, and alcohol. 

C, How would yon ponr theia in one upon another without 
mixinff ? 

F. This wiU require a little dexterity : when the water is in, I 
lay a piece of very tliin pasteboard over its surface, and then pour 
in the wine; after which I take away the pasteboard, and proceed 
in the same manner with the rest. Tate a common goolet or 
drinking glass, pour water in, and then lay a thin piece of toasted 
bread upon the water, and you may pour your wine upon the 
bread, and the two fluids will remain for some time separate. 

E, Is the toast placed merely to reosiye the Axxk of the wine 
when poured in P 

F. That is the reason. I will now proceed to explain the prin* 
ciple of the fydromefer, an instrument contrived to ascertain with 
accuracy and dpedition the speciflc gravities of 
different fluids. 

A B is a hollow cylindrical tube of glass, ivory, 
conpcr, &c., five or six inches long, annexed to a 
holl ow sphere of copper d : to the bottom of this 
is united a smaller sphere E, containing a little 
quicksilver, or a few shot sufficient to poise the 
machine, and make it sink vertically in the fl.uid. 

C. What are the marks on the tube ? 

F. They are degrees, exhibiting the magnitudes 
of the part below the surface, consequently the 
specific gravity of the fluid in which it^ descends. 
If the hydrometer, when pUoed in wtAer, sinks to 
the figure 10, and in spints of wine to ll'l, then 
the specific gravity of the water is to that of the 
i|»irit, as 11 1 to 10; for if the same body float ' b 
upon difi'erent fluids, the spedfio gravity of these Fig. 23. 
fluids will be to each other imoenefy as the parts of the body 
immersed. 

E. By inversely, do you mean that the fluid in which the hydro- 
meter smks the deepest is of the least speeilic gravity? 

F. Yes, I do : here is a piece of dry oak, wliicii, if I put into 
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spirits of wiiic, is entirely immersed: iii water the greatest part 
of it sinks below the surface ; but in mercury it scarc(;ly sinks at 
all. Hence it is evident that the hydrometer will sink deepest in 
the fluid that is of the least specihc gravity. 

To render this instrument of more service, a small stem is fixed 
at the end of the tabe, upon which weights, like that at may be 
placed. Suppose then the weight of toe instnunent is 10 diwts, 
and by bemg i)laced in any kind of spirit it sinks to a oeartain point 
L, it will require an additional weight, suppose 1*6 dwt. to caoae 
it to sink to the same depth in water : in this case the specific 
gravity of the water to the spirit will be as 11*6 to 10. By the 
addition of dilTorent weights the specific gravity of any kijid of 
liquor is easily found. The point l should be so placed as to 
mark the exact depth to whicli the instrument will sink in the 
liquor that has the Icfist specific gravity. 

C. But you always make the specific gravity of water 1, for the 
sake of a standard. 

F. Bight ; and to find the specific gravity of the spirit comnared 
with water at 1, I say, as 11-6 : 1 : : 10 : '862 nearly, so tbait I 
should put the specinc giavity of tins spirit down at '862 in a 
taUe where water was marked 1 ; Mid as a cubic foot of water 
weighs 1000 ounces, a cubic foot of this spirit would weij^h 868 
ounces, which is generally the standard of pure rectified gtM, 

E. Is this what is usuallv called spirits of wine P 

No : it is the alcohol of the chemists, one pint of which, 
added to a pint of water, makes a quart nearljf of common spirits 
of wine. 

C. You said '862 was generally/ the specific gravity of alcohol: 
what causes the diff'erence at other times? 

F. It is not always nuiiiufactured of equal strength; and the 
same fluids vary in rcsnect to their specific gravity by the different 
degrees of heat and cold in the atmosphere. The cold of winter 
condenses the fluid, and increases the sj^ecific gravity ; the heat of 
summer causes an expansion of the fluid, and a diminution of its 
specific gravity. 

E. You said just now that a pint of water added to a pint of 
alcohol, made ;/m;7yaquart of spirits of wine; surely two pints 

make a full quart ? 

F. Indeed they will not. A pint of water added to a pint of 
water will make a quart; and a pint of spirit added to a pint of 
s})irit will m;ike a quart ; but mix a pint of spirit with a pint of 
water, and there is a certain chemical union or penetration be- 
tween the i)artieles of the two fluids, so that they will not make a 
quaii;. This subject we shall resnme in our Chemical Conversa- 
tions.* 

• Sn DialofMM Ott Chwmltliy. 
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CONVERSATION XVIL 
Cff ike Ilj/dromefer, and Swrnmrng, 

C, To what purposes is the hydrometer applied ? 

F. It is used in breweries and distilleries, to ascertain the 
strength of their different liquors ; and by this instrument the 
excise officers ffauge the spirit, and thereby determine the duties 
to be paid to the revenue. 

I think from the time we have spent in considering the specific 
gravity of different bodies, you wOI be at no loss to acooont ttatm, 
variety of drcamstances that may nreflent themselves to your at- 
tention in the common oonoems mm Can yon. Emma, exphun 
the theory of floating veeseb P 

E. All bodies whatever that float on the surface of the water, 
displace as much fluid as is equal in weight to the weight of the 
bodies : therefore, in order that a vessel may keep above waAer, it 
is only necessary to take care that the vessel and its cargo, passen- 
gers, &c., should be of less weight than the weight of a quantity of 
water equal in bulk to that part of the vessel which it will be safe 
to iramerge in the water. 

I \ Salt water, tliat is, the water in the sea, is specificallj heavier 
than fresh or river water. 

C. Then the vessel will not siiik so deep at sea as it does in the 
Thames. 

F. That is tme ; if a ship is laden at Sunderland^ or any other 
sea-port, with as much coals or com as it can carry, it may sail 
very safely till it readi the fresh water in the Thames; bat there 
it will imallibly go to the bottom unless some of the cargo be 
taken out. 

How much heavier is sea water than the fresh ? 
F. About one thirtieth part, which would be a guide to the 
master of a vessel, who was bcait upon freighting it as deeply as 

possible. 

C. In bathing, I have often tried to swim, but have not yet 
been able to accomplish the task ; is my body specifically heavier 
than the water ? 

F. 1 Iiope you will learn to swim, and well, too ; it may be the 
means of saving your own life, and rescuing others who are in 
daqger of drownmg : 

Lif« is oft preserred 
Br «1m bold twimmer is tlM twift ilUpM ^ 
Of meefdeot dlnslraiis. TBOMMir. 

By some very accurate experiments made by Mr. Robertson, a 
late librarian of the Hoyal Society, upon ten different persons, the 

12 
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mean specific gravity of the human body was found to be about 

one ninth less than that of common river water. 

C. Why then do I sink to the bottom? I ought to swim like 

wood oil the surface. 

F. Though you are specifically lip^htcr than water, yet it will 
require some skill to tlirow yourself into such a positiou as to 
cause you to float like wood. 

C. What is that position? 

T*. Dr. Frankhu recommends a ^rson to throw himself in a 
slanting position on bis back; but his whole body, except the face, 
should be kept under watw. And Hunnson describes a youth 
0vnnuning> who 

Throug'h the obedieut wave, 
At each short breathiug' by hi* lip rrpell'd, 
With arm* nnd l«g> accoraingp well, he makeiy 
▲a hamour leads, au aaay ariaidiDg path. Suumbr. 

Unskilful persons in the act of attempting this are apt to plunge 
about and struggle ; by this means tney take water in at their 
mouths and nostnlsi wmch of itself would soon render them as 
heavy or heavier than the water. Moreover, the coldness of the 
stream tends to contract the body ; perhaps fear has the same 
tendency ; all these things put together will easily account for a 
person sinking in the water. 

B. But if a dop^ or a cat be thrown into a pond they seem as 
terrified as I should be in a like situation \ yet they never fail of 
making their wav out by swimming. 

F, Of all land animals, man is, probably, the most helpless in 
this element. The brute creation swim naturally, the human lace 
must acquire the art bj practice. In other animals the trunk of 
the body is lai^, and tneir extremities small: in man it is the 
reverse, the arms and legs are laiye in proportion to the bulk of 
the body, but the specific gravity of the extremities is greater than 
that of the trunk, consequently it mil be more difficult for man to 
keep above water than four-footod jinimals : besides, the act of 
s\Wmming seems more natural to them than to us, as it corre- 
sponds more nearly to their mode of walking and running than 
to ours. 

C. I ^vill try the next time I batlic to throw myself on my back 
according to Dr. Franklin's directions. 

F, Do not forget to make your experiments in water that is 
not so deep as you are high by at least a foot. 

It is not so generally known as it ought to be, that the depth 
of a dear stream of water is always one fourth greater than it 
appears to be.* 

* The rentoD of thi* deception it expUiaed ia our Coavenations oa Optics.— See Cou- 
Tcnatloa IV, on Opttct. 
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C. If the river appear to be oiily three feet deep^ may I redkoQ 
upon its being full four feet ? 

F, Yes ; you must estimate it in this manucr. Remember also, 
that if a person sink slowly in water ever so deep, a small etl'ort 
will bring him up again, and if he be then able to throw himself 
on bis back, keeping only bis face above water, all will be well;* 
bnt i( inst^ oi tbia, be is akurmed, and by struggling throw 
bimself .so high above the water that his body does not displace 
80 mnch of it as is enual to bis weight, he will sink with an acce- 
lerated motion : a stul stronger effort, which the sense of danger 
wiU inspire, may bring him up aeain, but in two or tbiee efforts of 
this kind his strength fails, and he sinks to rise no more alive. 

E. Is it the upward pressure which brings up a person that is 
at a considerable depth in the water ? 

F. It is ; this upward pressure balances the weight of water 
wliich he sustains, or he would be crushed to pieces bv it. 

Cork an empty bottle ever so well, and witli weights plunge it 
down a hundred yards into the sea, and the pressure of the water 
will force the cork into the bottle. 

Cw I credit that assertion because it is yours ; and I know that 
-although you may like now and then to tmprise ns» you never in- 
tentionally d&cme us. But I confess that I do not, as yet, see 
the entire reason of the fact. 

F, Have you forgotten, then, that the pressure of water upon any 
horizontal surface is as ike depth of the liquid above that surface ? 

C. No, papa, 1 have not. But I do not think we have hitherto 
estimated the pressure at any considerable depths. 

F. Suppose, then, you attempt to ascertain the pressure of water 
upon a square inch placed horizontally at the depth of 30 feet. 

C. In order to do that I fimey it wdl be easiest to find the pres- 
sure on a square foot at the same depth ; ami that, if I do not 
mistake, \vill be equividenl to the weight of a column of water 
having a base of a square foot, and being 30 feet high. 

Jl So fiEur yon are cniite ri^ht : go on. 

C. This column will contaioi 30 onbio feet« which will weigh 30 
times 1000 ounces, or 30 times 62i pounds, that is to say, 1875 
pounds avoirdupois. 

If I divide this by 114, the quotient will measure the pressure 
upon a square in4ih^ at the depth of 30 feet ; tlus oomes to 13 
pounds and I suppose I may call it 13 pounds. 

Fj. Yes, Charles ; that you may, I will warrant. And if I am 
not mislakcu, V see the reason why papa chose thirty feet. It was 
because thirteen pounds, the pressure, has the same first syllable as 

• It has been MMrud latel j in Mm* of oar best pf rlodieal worka.tbat if •person faUing^ 
in lb* water havo pivsoncc of mind to I«m Uo UaA • UttU MMkwurd, uA B«m lift 
band* abofo tfa« watir, bo «Miaot alnk. • 
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ikitiy feet, the depth; b y iHddi nmiis boQi m mm easQjieool- 
F. Yoaaxe. 

Now let me ask you what would be the pTeaeaie upon a aqnare 

inch at the depth of 300 feet ? 
£. Tea times 13, or 130 pounds ; and it is Toy probaUe that 

pressure would thrust in the ex)rk. 
F. What would be the pressure upon a square inch at the 

depth of 3000 feet ? 

E. Ten times 130, or 1300 pounds. But that is an enoimous 
pressure : has it ever been trica ? 

F. Yes, in the northern seas ; specimens of different kinds of wood 
have been tied to cords and sunk to depths of more than 6000 feet. 

C. 1 think I can foresee that wood kept immersed at such great 
depths would have much water squeezed into its pores. Was that 
actualk the case f 

F, Yes. Adk, the speeifio mfily of irfiich, before immersion, 
was '654, after being kept neany 3 boors at tbe depth of 6348 feet, 
became specifically heavier than water, its specific gravity having 
become 1168. lir, by a like process, increased in specific gravity 
from '473 to 1*081 ; oak, from '720 to l'iS5. So that none of - 
the specimens would, after this submersion, swim in water. This 
result, however, is by no means incredible, when it is considered 
that the pressure upon each square inch of surface exceeded 25 cwt. 

E. We thank you, papa^ for drawing our attention to this inter- 
esting experiment. 



CONVERSATION XVm. ' 
• 0/ the 8^lum. 

F, This bended tabe is called a syphon, and it 
is used to draw off water, wine, or other fluids, 
fom vessels which it would be inoonvenient to 

move from the place in which they stand. 

C, I do not see how it can draw liquor out of 
any vessel — why is one leg longer than the other ? 

F. I will first show you how the operation is 
performed, and then endeavour to explain the 
principle. 

I fill the tube k d c vn.i\\ water, and then 
placine: a linger on e, and another on c, I invert 
the tube, and immerse the sliorter leg into a jar 
of water; and having taken my fingers away, you see the water 
runs over in a stream. 




Fir. M. 
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E. Will it oontiinie to flow over? 

F. It will, till the water in the Teasel comes as low as the 
edge of the syphon. 

C. Is this aoooanted for by pressure ? 

F. To the pressure or weight of the atmosphere we are indebted 
for the action of the syphon, pumps, &c. At present jrou must 
tiJce it for ^nted that tiic air which we breathe, though invisible, 
has weight, and that the pressure orca.sioned by it is equal to about 
14 or 15 pounds upon every square inch. The surface of this table 
is equal to about six square feet, or 864 squfire inches, and the pres- 
snre of the atmosphere upon it is equal to at least 12,000 pounds. 

E. How does the pressure of the air cause the water to run 
through the syphon ? 

F, The principle of the syphon is this : the two legs are of nn- 
equal length, oonseqaent^ the woght of water in the longer leg is 
gprester tfian that in the shorter, and therefore will, by its own 
gravity, run ont at leaving a vaeonm from b to i, oud not tiie 
nressnre of the atmosphere on the surface of the water in the jar 
loiee it np the 1^ d and thus. oontinuaUj supply the place 6t 
the water in n C. 

C. But since the pressure of fluids acts in all directions, is not 
the upward pressure of the atmosphere against c, the mouth of the 
tube, equal to the downward pressure on the surface of the water ? 

F. Tne pressure of the atmosphere may be considered as equal 
in both cases. But these equal pressures are counteracted by the 
pressures of the two unequalcolumns of water, d e and d c. And 
since the atmospheric pressure is more than sufficient to balance 
both these columns of fluid, that which iicts with the lesser force, 
that is, the column n £, will be more pressed against D c than D C 
4s affainst D B at the yertex n; eonsequentlj &e column n s wiU 
yidd to tiie greater prsssnie, and flow off tmnnigh the orifice c. 

R WoukTthe same thing happen if the outer 1^ d o were 
shorter than tiia other ? 

.J^. n D 0 were broken off at even with the surface of the 
water, no water wonld run orer ; or if it were broken off anywhere 
lower than b, it would only run away till the surface of the fluid 
descended to a level with the len^^h of the outer tube, because 
then the column d e will be no more pressed against d c tlian d c 
is against d e, and consenuently the syphon will empty itself; the 
water in the outer leg will run out at the lower onhce, and that in 
the inner will fall back into the jar. 

C. In decanting a pipe of wine are you obliged first to fill the 
syphon with liquor, and then invert it ? 

.F. No; a small pipe is fixed to the outer lag of the syphon, by 
wlddL tins air is drawn out of it hj the montE^ and the short leg 
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being immersed in the wine, the fluid will follow the air, and nm 
out till the pipe is empty. 

The i>)phon is sometimes disguised for the sake of amusing 
yoimg people. Tantalus's cup is of this kind. The 
^ longer leg of the syphon passes through, and is ce- 
nieiitedinto the bottom of the cup ; if water be poured 
mto Uie cap, so as not to stand so high as the bend ci 
the tube, tne water will remain as in any common 
Tessel; but if it be raised over the bended part of the 
syphon, it will run over, and continue to run till the 
TCSseL is emptied. Sometimes a little figure of a man 
representing Tantalus conceals the syphon, so that 
Tantahis, as in the fable, stands up to his chin in 
water, but is never able to quench Ins thirst, for just 
as it comes to a level with his chin, it runs out through 
the concealed syphon. 




E, To this fable the lines in Pope's Homer refer: 

E'en in the circling floods refreshment eraTet) 
And pines with thirst amidst a sea of wsvw; 
And whan tka water to hia Upi appUaai 
Bttek^firoin hit Up* Uia treaeVrona watar Ulaa. 

F, It is alluded to also by our own Milton : 



Pore 



and of itself the water fliaa ' 
An taste of livingr wiflli, w oaot it fed 

The lip of Tnutalua. 



Par. Lost, Book ii. 




This is another hind of Tantalus's cnp, but the syphon is con- 
cealed in the handle, and when the water in the 
cup whicli communicates with the shorter leg at 
1 , is raised above the bend of the handle, it runs 
out through the longer leg at p, and so continues 
till the cup is empty. This cup is often made 
to deceive the unwary, who, by taking it up to 
drink, cause the water, which was, wliiie at rest, 
below the bend of the syphon, to run over, and 
then there is no means of stopping the stream 
till the vessd is empty. 
C, I have frequently seen at the doors of iniblio-hoii8es.the con- 
tents of hogsheads of spirits drawn off by 
means of an instrument like a syphon. 

F. That is called a distiller^s crane or 
s}^)hon. B represents one of these barrels 
with the sY])hon at work from the bung- 
hole n. The longer leg m r is about tlirce 
feet long, "with a stopcock near the middle, 
which must be shut, and then the shorter 
ri»- leg is immersed in the lic^uor. 
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E* Is tlie air in the short leg forced into the other by the upward 

pressure of the fluid ? 

F. It is, and the cock being shut, it cannot escape, but 'will be 
very much condensed. If then the cock be suddenlv opened, the 
condensed air will rush out, and the pressure of the air on the 
liquor in the vessel wiU force it over the bend of the syjjhon, and 
cause it to flow off in a stream, as the figure represents. If, how- 
ever, tlic barrel be not full, or nearly full, then it is necessary to 
draw the air out of the syphon by means of a snudi tube, a L, 
fixed to it. 

By the piinomLe of the syphon we are enabled to explain the 
natve of inteiSing spring. 
B. WhaiwetheseF 

F. They are springs, or rather streams^ that flow periodically. 

A diagram will give a dearer 
idea of the subject than many 
words without; g f c represents 
a cavity in the bowels of a hill, 
from tlic bottom of wiiich, c, 
proceeds the irroprnlar cavity c 
E D, formint^ a sort of natural 
syphon. Kow, as this (Ills, by 
means of rain or snow draining 



tlu'ough ihc jjores of the gi'ouud, 
the water will ffradually rise in 
ihe faig^o iffl it has attained the horizontal level h when it 
win Mgin to flow through Hie leg x d, and contmne to increase in 

mSI quantity discharged as the water rises higher, till a fuU stream 
jf^Sent fortli; and then, by the principle oi the syphon, it must 
QCjtttiDne to flow till the water sinks to the level t when the air 
win rush into the syphon, and stop its motion. 

C. iViid \w\\vj^ once brought so low, it cannot run over again till 
the cavity is full of water, or at least up to the level // which, 
as it is only supplied by tlu^ draining of the water through the 
ground, must take a considerable length of time. Is that the 
reason why they arc called intermitting springs ? 

F, It is : Mr. Clare, in his treatise '()n the Motion of Fluids,* 
illustrates this subject by referring to a pond at Gravcsend, out of 
which the water ebbi all the time the tide is coming into the 
adjacent river* and nma in while the tide is going out Another 
instaneftiaentioiied hj the same autiior is a spring inBerbvihb^ 
IgiM^yfMam^^ idiich, at certain seasons, s^ds forth a 
stronsr stnam* wiffi a singing noise, for about three minutes, and 
then stopff>agaiiL 'At Lamboum, in Berkshire^ there is a brook 
^Sriych in summer carries down a stream of water sufficient to t urn 
ft miH; but daring the winter there is scarcdj any current at alL 
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In mtenniitiiig springs the periodioal letums of the flowing and 
oessation will be regular, if the filling of tiie reservoir be so ; but 
the interval of the returns must depend on the quantity of water 
furnished by tfalD springs. 

^ ManT sprinffs are derived from natural syphons, existing in the 
sides 01 mountains^ &c., at various depths, and to various extents. 
Some, situated on the tops of hills near to larger ones, supply 
water all the year, others only periodicaUy, when th^nsnaily flow 
in profusion. 



CONVERSATION XIX. 
Cfifi^ T>Mi^ Bell. 

F. Take this ale-glass, and tlirust it with the mouth downwards 
into a glass jar of water, and you will perceive that but very little 
water will enter it. 

C. The water does not rise in it more than about a quarter of 
an inch : if I properiy understand the subject, the air, ^ch filled 
Hhe glass before it was put in water, is now compressed into the 
smaller 8i>ace ; and it is this body of air that prevents moiewiter 
from getting into the glass. 

F. Tliat IS the reason; for if you slope the |^s a little on one 
side, a part of the air \viU csoape in the fonnofa bubble^ and then 
the water will rise higher in the glass. 

Unon tliis simple principle machmes have been invented, by 
which people have been able to walk about at the bottom of the 
sea with as much safety as upon the surface of the earth. The 
original machine of this kind was much improved by Dr. fiailej 
more than a century ago ; it is called the Diving BelL 
C, WasitmademUieshapeof abellP 

F, It was; and, as great 




kgth was required to resist 
the pressure of the water, he 
caused it fobe made of copper : 
this is a representation of ft. 

The diameter of the bottom was 
five feet, that of the top three 
feet, and it was eight feet high: 
to make the vessel sink Terii- 
callv in water, the bottom was 
loaded with a quantity of leaden 
balls. 



£. It was as large as a g-ood- 
sized closet; but how did he 
contrive to get light ? 
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F. Light was let into tlic hell by means of strong spherical 
glasses, nxed in the top of the machme. . They are thus desciibed 
by Dr. Darm : 

Brltaiu't tont Bball g'uide 
Huge s^»>WIIoeBt beneath the toaaiD|^ tide; 
TlM iMMf eMtlM, roof'd vith tiriMiie kUm. 

BibVi iHOi Mtray oak, aad vioi bolu 9f\nm, BOTAiOe OAmsvii. 

C. How are the divers supplied with air ? 

F. Barrels, filled with fresh air, were made sufficiently lieavy, 
and sent down, such as that represented bv c ; from which a 
leathern pipe communicated with the inside oi the bell^ and a stop- 
code at Ae upper part of the bell let out tiie foul air. Dr. Darwin^ 
in the aprnt of prophecy, anticipates the time when i^iesemachinea 
will be sent oat upon Toya^cs m discovery, uid says,— • 

Tbm ahall Britannia rule the wetltbf rent ma. 
Which OcpRti's wide, {nsntinte wnvc <>'erirhelait| 
Coofine IB netted bow'rt bis tcaly ftocks, 

Put Ma klw Fl«lu» sM fooplo oil Ms Mckt. BovAino QuMm, 

E, The little men seem to sit very contentedly under the bdl, 
yet I do not think I should Uke a journey with them* 

C. I descended the other day m the diying-bell at the Poly- 
tedmip, and felt a somewhat disagreeable sensation in my ears ; 

but this sensation appeared painfiil to some who descended, at 
least so I judged from their ooserratioiiBas thflj emerged fom the 
bell. What is the cause of this ? 

F. It arises from the condensation of the air in the bell ; which 
at considerable depths in the sea is very great, and produces a 
disagreeable pressure upon all parts of the body, but more particu- 
larly in the ears, as if quills were thrust into them. This 
sensation does not last long, for the air pressing through the pores 
of the skin, soon becomes as dense within their bodies as witnout, 
when the sense of pressure ceases. 

E. They might stop their ears with cotton. 

F. One of vonsax once thought himself as conning as pu, and 
for the want of cottim he chewed some paper and stuffed it in his 
cam; as the bell descended, the paper was forcibly pressed into 
ihe cavities, and it was with great cuifioiilty and some danger that 
it was extracted by a surgeon, 

C. Bat no banels of air were sent down to us at the Polytechnic. 

F. No ; but you must have noticed two men pumping while the 
bell was in the water : they were sending you air by means of a 
forcing-pump, which is the plan now adopted, in preference to the 
inconvenient one of sending down barrels of air. 

C. Are divers able to remain long under water ? 

F. Yes : when all things are properly arranged, if business re- 
quire it, they will stay several hours without the smallest dif^culty. 
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E. But liow do tliej get up again ? 

F. Thcv arc geiierallv let down from on board ship, and taking 
a rope witli tlicni, to woich is fixed a bell in the vessel, they have 
only to pull tlie strinj^, and the people in the ship draw them up. 

C. TViiat does the figure e represent ? 

F. A man detached from the bell, with a kind of inverted 
basket made of lead, in wliicli is tixed another flexible leathern pipe, 
to give him fresh air from the bell as often as he may And it 
neoessaiy. By thiEi method a man may walk to the dust^^ 
or 100 yards nom the madune. 

E. It is to be hoped his comrades wOl not forget to supply him 
with air. 

If his head is a little above that part of the bell to which the 
pipe communicates, he can, by means of a stopcock, assist himself 
as often as he requires a new supply; and that man is always 

best lielpod who can help himself. 

E. A\'c saw a diver thus protected descend into the tank at the 
Polytechnic ; his helmet was supplied with air from the pump ; he 
carried hca\T weights to sink himself ; but how did he manage to 
float a^ain, for he did not remove the weights P 

F. but he had on a watcrnroof gurdle ; and, by turning a 
cock, he connected this 'With the nelmet, and it became inflated 
with air, and thus he became buoyant. 

E, I observed a great bubblhi^ in the tank while the bell or 
the diver was down. What was thisP 

The pnmpers famished more air than was needed, and it 
escaped under the lip of the beU ; also, when the bell was at the 
bottom of the tank the air it contained was compressed by the 
depth of water ; but as the bell rose the air expanoed, and became 
too much for the bell. 

C, Has the diving-bell been applied to any very useful purposes? 

F. By means of this invention a great number of valuable com- 
modities have been recovered from wrecks of ships, though at 
great depths in the sea. The bell is perfectly manageable, and 
may, by a small boat, be conducted from place to place with the 

eatest ease. You remember the fearful accident that happened 
the Eoyal George ship of the line, which was suddenly stmk 
with all the crew, whom few esciqped. The sm^ wreck, which 
was long a ^reat source of intermption to the navigationi has 
hwn removed by the continued use of the diring-belL 




Digitized by Google 



THE DIVINQ BELL. 187 

CONVERSATION XX. 

0/ the JHvwg Bell. 

K Have there been no accidents attending the nse of the 
diving-bell. 

J^.TEhe diving-beU proved to Mr. j^aldin^ and an 8881^^ 
who went down to view the wreck of the Impenal East-Indiaman, 

near Ireland. Thej had been clo\vn twice, but on descendinff the 
third time they remained about an hour under water, and had two 
baneb of air sent down to them : but the signals from below not 

being again repeated, after a certain time they were drawn up by 
their assistants, and both found dead in the bell. This accident 
happened by the twisting of some ropes, which prevented the 
uulbrtunate sufferers from announcing their wants to their com- 
panions in the ship. !Mr. Day also perished at Plymouth in a 
diving-bell of his own construction, in which he was to have 
continued, for a wager, twelve hours, one hiuulred feet deep in 
water. To these Dr. Darwin alludes : when speaking of the se% 
he says— 

Miueling in d«ath the brare and good behold, 

Wiin alavM to riory aad with d«vw to fUt 

Shrltttd in tha Mm shall Dat and Bmwum anna« 

Baah la hia madiVoaa hell, atpKlehMl an ! BOTAme OAftvm. 

C» Did these accidents pat an and to the ezpeiimenf s P 

F, No ; but thev have led to impiovemento in the structure 

and use of the ma^une. Mr. Smeaton very successfully made nse 

of a square cast iron chest (Kg. 30), the weight 

of which, 50 cwt., was heavy enon^ to sink itself. 

It was 4r J feet in height, the same number of feet 

in length, and 3 feet wide, and of course afforded 

sufficient room for two men to work under it at 

a time. 

E. What are those round things at the top P 

F. They are four strong pieces of glass to 
admit the %ht. The great aavantage wliich this 
had above Dr. HaUe/s bell was, that the divers . 
were supplied with a constant iz^nz of air, with- ' in«.M. 

out air^ attention of their own, by means of a forcing air-pump, 
worked, in a boat upon the watcnr's surfoce. 

C. That is not represented in the plate. 

F. Look to Eig. 31, which is a diving machine of a diffSerent 
construction, invented by the veiy ingenious and truly respeotaUe 
lecturer^ Mr. Adam Wafiker.* 

• lea Walfcn^a Bjatam af Xataral Fhllosoph/, S fall* 4to. 
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This machine is of the shape of a conical 
tub, but little more than one third as large 
as Mr. Smeaton's. The balls at the bottom 
are lead, sufficiently heavy to make it sink 
of itself: a bended metal tube a b c, is 
attached to the outside of a machine with 
8 stopcock tf^ and a flexible leathern tube 
to the other end tfy this tabe is conneoted 
withi^forcing air-pump J, whioliabii]ida&% 
sapplies the direr with fresh air. 

K Cm he moTO sbout with the ma- 
chine ? 

F. Most readily; for the jpressure of 

the water bein^ equal on all sides, he 
meets with very little resistance ; and the 
ropes and leathern tube bciu^ flexible, he 
can, with the machine over his head, walk 
about several yards, in a perpendicular pos- 
ture ; and thus, having a more ready access 
to pieces of the wtcck than in a cumbrous 
bell, he can easily fasten ropes to them, 
and iwifram any sort of business nearly 
as wellaaondiylaad* Mr. Walker says^ 
that the greatest part of the wreck saved 
from the rich ship Belgioso was taken up 
1^ means of his beilL The following aneoootegiTea lathis gentle- 
man will entertain my young readers : 

" As the diver had plenty of air to spare, he thought a candle 
might be supported in the bell, and he could descend by night. 
He made the experiment, and presently found liim self surrounded by 
fish, some very large, and many such as he had never seen before. 
They sported about the bell, and smelt at his legs as they hung in 
the water : tliis rather alarmed him, for he was not sure but some 
of the larger might take a fancy to him ; he therefore rang his 
bell to be taken up, and the fish accompanied liim with much 

S)od-nature to the surface." To a scene not very unlike this Dr. 
arwin refers, in the spirit of prophecy, when— 

OswArd, throug'li brig:ht meanderingr Tales afar, 

Obedient aharkB •hnll trnil her sceptred car, 

With bariieti'd occka the pearly flood disturb. 

Stretch the ailk rein, and champ the tilver earo : 

riMM4 rovaA b«r triiuBph woad'Hag TriioM wr* 

AaS tMk biU htr wi th> wtaftf wf* Mumo a*m0W. 




fig. 31. 
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CONVERSATION XXI. 

Of Fumpi. 

F. Here is a glass model of a common pump, 
which acts by the pressure of the atmosphere 
on the surface of the water in which it is placed. 

E, Ib tills like the pump below stairs f 

F, The principle is exactly the same: a 
rcDresents a ring of wood or metal, with pli- 
able leather futoned rouud it to fit the cylin- 
der Over the whole is a valve of metal, 
covered with leather, of which a part serves 
as a hin^e for the valve to open and shut l^. 

C. "VVliat is a valve, sir ? 

F. It may be described as a kind of lid or 
trap-door, that opens one way into a tube, but whioli tlie more 
forcibly it is pressed the other way, the closer the aperture is shut; 
so that it either admits the entrance of a fluid into the tube, and pre- 
vents its return; or permits it to escape, and prevents its re-entrance. 

Attend now to the tigure : the handle and rod r end in a fork 
which pAsses through the piston, and is screwed fast to it on the 
under side. Below this, and cnrer a tube of a smaller bore, as 
is another Talve v opening upward, wMdi admits the water to flow 
'up, bat not to nm down. 

E, That valve is open now, by which we see the size of the 
lower tube^ but I do not perceive the upper valve. 

It is supposed to be shut, and, in this situation, the piston 
a is drawn up, and being air-tight, 'the column of air on its top is 
removed, and consequently leaves a viicuum in the part of the 
cylinder between the piston and the lower valve. 

C. I now see the reason of lifting u]) the pump handle: beoause 
the piston then goes down to the lower valve, and by its ascent 
afterwards the vacuum is produced. 

F. And the closer the piston is to the lower valve, the more 
perfect will be the vacuum. 

You know there is a pressure of the air on all bodies^ on or 
'near the sui&oe of the earth, equal to about 14 or 15 pounds on 
every sauaie indi : this pressure upon the ynkftx in the well, into 
which tne lower end of the pimip is fixed, Ibaroes the water into 
the tube z, above its level, as hiffh as /. 

C. What becomes of the air uiat was in that part of the tube ? 

F, You shall see the operation. I put the model into a dish of 
water, which now stands at a level in the tube z with the water 
in the dish. I draw up the piston which causes a vacuum in 
the cylinder a. 
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E. But llic valve v opens, and now the water lias risen as high as I. 

F. Bceausc when tlie air wius taken out of the cylinder a there 
was no pressure u})on the valve r to balance that beneath it ; con- 
sequently the air in the tube z opened its valve v, and part of it 
rusned into a. But as soon as part of the air had left the tube 
the pressure of the atmosphere upon the water in the dish was 
greater than that of the. air in the tuhe; uid, therefore, by the 
exeess of pressure, the water Is driyen into it as high as /. 

d The Talve 9 is again shut. 

J^. That is, because the air is diffioised equally between the level 
of the water at / and the piston a, and therefore the pressures 
over and under the valve are equal. And tiie reason that the water 
rises no higher than I is^ that the air in that space is not only 
equally diffused, but is of the same density as the air without. 
Push do>vn the piston a again. 

E, I saw the valve in the piston open. 

F. Tor the air between the piston and valve v could not escape 
by any other means than by lifting up the valve ma, I will draw 
up the piston. 

C. Tiie water has risen now above the valve v as high as m, 

F. I dare say you can tell the cause of this. 

C. Is it this r oy lifting up the piston, the air that was between 
/ and the valve v roshed mto a, and the external pressure of the 
atmosphere forced the water after it. 

F. And now that ^rtion of air remains between the surface of 
the water m and the piston. The next time the piston is forced down 
all the air must escape, the water will get above the valve in the 
piston, and, in raising it up again, it will be thrown out of the spout. 

E. "Will the act of throwing that out open the lower valve 
again, and bring in a fresh suppfy ? 

E. Yes: every time the piston is elevated, the lower valve rises, 
and the upper valve falls : but every time the piston is depressed 
the lower valve falls, and the upper one rises. 

L\ Tliis method of raising water is so simple and easy, that I 
wonder people should take the trouble of drawing water up from 
degD wells, when it might be obtained so mudi easier by a pum^. 

F, I was going to tell jovl that the action of pumps, so beauti- 
ful and simple as it is, is very limited in its operation. H the 
water in the well be more than 3S or 33 feet from the valve v, you 
may pnmj> for ever, but without any effect. 

C. That seems stranf^e ; but why 33 feet in particular ? 

F. I have already told you, that it is the wei^lit of the atmo- 
sphere which forces the water iuto the vacuum ol the pump: now, 
if this weight were imlimited, the action of the pump woukl be so 
likewise : but the weight of the atmosphere is only about 14 or 15 
pounds on every square inch ; .and a column of water, of about 33 
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feet in heig^ and wiioee m§Bi/oe is one square inch, weighs also 
14 or 15 poands; as jou mm Imow from the oomputations you 

made a few days aoro. 

C. Then the weight of the atmosphere woukl balaiieo or keep 
in equilibrio oidv a colunui of water 33 feet liigh, and consequently 
could not support a greater column of water, much less have power 
to raise it up. 

F. The operation is effected entirely by the pressure of the at- 
mosphere on the surface of the water, bv which it is forced into the 
space formerly oocmpied by tiie air. Tois is not-a sudden opera* 
tion : it requires many strokes of a pump to withdraw as much air 
as to aUow the water to rise so mai^ feet above the surfince. 

E, A pump, then, would be of no use in the deep wells which 
we saw near the coast in Kent. 

F, None at all : the piston of a pump should never be set to 
work more than 28 feet above the water, oecause, at some periods, 
the pressure of tlie atmosphere is so much less than at others, 
that a column of water something more than 28 feet, will be equal 
to the weig^ht of the air. 

You cannot better fix in your mind the principle and action of 
the pump, than by committing to your memory Dr. Darwin's 
beautiful descri})tion of it : 

Kymi'Hs ! You first tnupht to piirce the secret cnves 

Of hutjiid eni th, «u(i Iitl hfr poud'roiis wavei ; 

Bade with quick stroke the sliding^ piston bear 

The vif culumns of incumbent nir; — 

Press'd hy th' incumbent air, the floods below 

Through op'ning' vaWes in foaroinsr torrents flow; 

Foot after foot with Usacned impoiM move, 

And, ritiar, Mtk Uw Taeanef aboM. BorAXIO OaROBIV. 



CONVERSATION XXn. 

0/ (Ae IMng-Fump, Fvn^Bngme, Rope-Pwi^, Ckain-Pump^ and 

ffydiiuliePresB. 

C. Why is this called the forcing-pump P ^ 

F. Because it not only raises the water mto 
the hairel like the common pump, hut afterwards 
forces it up into the reservoir k k. 

E. How is that operation performed^ p^>a? 

F, The pipe and barrel are the same as in the 
other pump, but the piston G has no valve ; it is 
solid and heavy, and made air-tight» so that no 
water can get above it. 

C. Does the water come up through the valve 
as it did i]i the last ? 

F. Bv raising up the piston, or, as it is gene- 
rally called, the plunger, g, a vacuum is made in Fig. ss. 
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the lower part of the barrel, into which, hj the pressure of the 
air, the water ruishes from the well, as ^ou see. 
K And the valve is shut down. 

F, The mter not bdnff able to go back again, and beiiiff a fluid 
that is nearly inoompie8flime> when the plunger is foroed cbwiL it 
escapes alon^ the pipe x, and through the valve 6 into the yessel k. 

C. Though the water stands no hig^ than il, it flows through 

the pipe F to some height. 

F. The pipe f t is mud into the top of the vessel, and is made 
air-tight, so that no air can escape out of it after the water ia 
higher than f, the edge of tlic pijie. 

E. Then the whole quantity of air, which composed the space 
p bj is compressed into the smaller space /i f. 

F. You are right : and therefore the extra pressure oil the water 
in the vessel forces it through the pipe, as you see. 

C. And the greater the condensation, that is, the more water 
you force into tlie vessel k, the higher the stream will mount. 

F. Certainly: for the forcing-pump differs from the last in this 
respect* that fiiere is no limit to the attitude to which water may 
be thrown, since the air may be condensed to almoet any degree. 

The waterworks that nsed to eiist at London Brioge exhi- 
bited a most corious engine, constmoted upon the principle of 
the forcing-pump ; the wheelwork was so contrived as to move 
cither way, as the water ran ; by these works, 140,000 hogsheada 
of water were raised every day. 

E. Is there any rule to calculate the height to which an engine 
will throw water ? 

F. If the air's condensation he double that of the atmosnhere, 
its pressure will raise water 33 feet ; if the condensation oe in- 
creased threefold, the water will reach GG feet ; and so on, allow- 
ing the addition of 33 feet in height for every increase of one to 
the number that coqpressed the air^ condensation. 

C. Are flre-enflnes made in this manner? 

F, They are all oonstmcted on the same principle, but there 
are two barrels, by which water is alteniately driyen into the air* 
vessds; hj this means the condensation is much greater; the 
water rushes out in a continued stream, and with such velocity, 
that a raging fire is rather daslied out than extingoished by it, 
which is well described in the ' Botanic Garden : * 

NTMPHt! You flm tnug>ht tb« gelid wat* to rlw, 
Harrd in vtaplondent arclu-t to the tkieal 
I« Iron Mlla aoBdcM«4 Um tAtj ■pring-, 
▲ad inp'd tha tftrraat with wDfaUiD^ wing-. 
—On tha flaraa flamei the thower impetuoui ftiUa, 
And anddtn darknasa ahroada th« shatter'd walla ; 
Staam, amoke, and dust, in blentl* d vnlumea roU« 
And night and ailruce repotscs* the pole. 

^^"''Jctt-engines are also constructed on a principle similar to 
th«t which we have been describing. 



Digitized by Google 



THE WATER PRESS. 

This figure is the representation of a method 
of raisiiif^ water from wells of considerable depth. 

It consists of three hair-ropes passing over the 
pulleys A and li, wliieh have three grooves in each. 
The lower pidley B is immersed in the water, in 
which it is kept suspended by a weight. The 
pullers are turned round with great velocity by 
multiplying wheeHand the oords, in their mseat, 
carry up a considerable quantity of vater, yrfmh, 
they discharge into the box or reaervoir z, frcun 
whence, by pipes, it maiy be conveyed ebewhere. 
The ropes must not be more than about an inch 
apart. 

F. What is the rea,son of that, papa ? 

F. Because, in that cixsv., a sort of column of water will ascend 
between the ropes, to wiuch it adheres by the pressure of the 
atmosphere. 

C. Ought not thisi column, in its ascent^ to fall back by its own 
gravity ? 

F, les ; and so it would, did not tlie ereat velocity of the ropes 
oeoaaion a oonaiderahle refraction of tne air near them, tonse- 
qoently the acyaoent parts of the atmosphere pressing towards the 
iraomty, tend to support the water. 

E. Can any OQnaiderahle quantity of water he raised in this 
way? 

jP. At Windsor, a pump of tliis kind will raise, bv the efforts of 

one man, about 9 gallons of water in a minute, uom a well 95 

feet deep. In the oeginning of motion, the column of water ad- 
hering to the rope is always less than when it has been worked 
for some time, and the quantity continues to increase till the 
surrounding air partakes of its motion. There is also another of 
these pumps at the same place, which raises wat er from the well 
in the ilound Tower 178 teet in depth. You may sec a pump of 
this kind in daily operation at the Polytechnic Institution. 
C, Phiy what is a chain-pump P 

F. It consists of two square or cjUndiical harrelB, through 
which a chain passes, having a number of flat pistons, or valves, 
fixed upon it, ac proper distances. The chain passes round wheel- 
work, fixed at one end of the machine. A whole row of the 
pistons, which go free of the sides of the barrel, is always rising 
when the pumj) is at work; and, as this machine is generally 
worked witu great velocity, they bring up a full bore of water in 
the pump. 

E. For what purpose is the chain-pump chiefly used ? 

F. It has been used in the navy, to prevent the fatal accidents 

13 
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wbicli liave flometimes happened on ahq^board by the dioknig of 
pumps witli Tulyes. 

C. Is it confined to nautical uses ? 

F, No ; it is adapted to the raising of vater in all situationa, 
where it happens to be mixed with sand, or other snbatanccM, 

which destroy common pumps, as in alum-works, in mines, in 

3uarrios, &c. In its present im])rf)vrd state, it is simple and 
urable, and maj be made of metal or wood^ at a moderate ex- 
pense. 

E. You told lis, some time ago, that, when we had seen the 
nature and understood the construction of val?es, you would 
explain the action of liramah's hydraulic press. 

F, This is a good time for the purpose, and with it I shall oon- 
dnde our Hy^statical Confenations. 

In this iigare ^ is a strong cast- 
iion cylinder, ground veiyaocurately 
within, that the piston a may fit ex- 
ceedingly close and well. I need 
searoe^ tell you, that the little 
fif^irc represents a forcing-pump, 
with a sobd plunger c, and a valve », 
that opens upwards, tlu'ougli which 
the water is brought into the pipe o. 
By bringing down the plunger c, the 
water in o is forced through the valve 
X into the bottom of the cylinder, and thereby drives up the 
plunger a, 
C. What does « represent? 

F, A bundle of hay, or ba^ of cotton, or any other snbstaaoe 
that it may be desirable to brmg into a compass twenty or thirty 
times less than it generally occupies. 

E. I see now the whole operation : the more water there is 
forced into o, the higher the plunger is lifted up, by which the 
substance m is brought into a smaller space. 

F. Every time the handle s is lifted up, the water rushes in 
from the well or cistern, aud when it is brought down, the water 
must be forced into the cylinder. The power of this engine is 
onlv limited by the strength of the materiab of which it is made, 
ana by the force applied to it. 

Mr. Walker says, a single man working at « can, by a machine 
of this kind, bring hay, cotton, &c., into tirenty tones less com- 
pass than it was beiore; conseqnently a yessel carrying light 
goods may be made to contain twenty tunes more packi^ges, liy 
means of the hydraulic press, than it conld without its assistance. 
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CONVERSATION 1. 

07 THE NATVBX OV AIB. 

Father — Charles — Emnia, 

m 

F. That branch of natural philosophy which is called Fneu- 
matics treats of the nature, weight, pressure, and spring of the 
air which we breathe^ and of the several effects dependoit upon 

these properties. 

C. You told us, a few days ago, that the air, tlioiigh to iis in- 
visible, is a fluid; but it surely ctiffers very much from those fluids 
upon which you conversed, when treating of hydrostatics. 

F. It does so ; bat recollect the teruu^ by which we deflned a 
fluid. 

C. You distinguished a fluid as a body, the parts of which yield 
to the least pressure. 

F. The air, in which we liye and move, will answer to tiiis defi- 
nition. Since we are continnaUy immersed in it, as fisb are in 
the water, if the ^arts did not yield to the least force, we should 
be constantly reminded of its presence by the resistance made to 
our bodies ; whereas, persons unaccustomed to think on these 
subjects are not even aware that they are surrounded with a fluid, 
the weight and pressure of which, if not counterbalanced by some 
other power, would instantly crush the human frame. 

E. In a still, calm day, such as the present is, when one can 
scarcely discern a single leaf in mot ion, it is difficult to conceive 
of the existence ef such a fluid ; but when 

Down nt once, 
PmeipltADt, descends a raiug'led mnis 

(MProariDg' winds, nnd flnin«s, and raahliilp floods, (Trumsom's Summbk,) 

no doubt can lemain as to the existence of some mighty nnsee^ 
po^r. 

C. By this quotation, Emma, you take it for granted that the 
air and the \^'inds arc the same. 

F, This k really the fact, as we shall prove on a future day. .y 
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C. But I am not quite satisfied that the air is such a body as 
jrou have described. 

F, I do not wish to proceed a single step till I have made your 
mind cbay upon this head. You see how easily those gold and 
sUver mk more in the water; can you explain the leason of HP 
C. Is it not by the exertion of their IfaisF 
J*/ A fish swims by the help of his fins and tail; and fish in 
gNSneral are nearly of the same specific gravity with water. Take 
away the water itom the vessel, and the fish would have atiU the 
use of their fins and tail, at least for a short period. 
TJ. And they would floiinder about the bottom. 

Now consider the ciuse of birds, how they fly; the swallow, 
for instance, glides as smoothly along in the air as fish do in the 
water; but ii I were to put a bird, or even a butterfly, under a 
lass receiver, liowever large, and take away the air, thoy would 
ave no more use of their wings than fish have of their fins when 
out of water. You shall see the experiment in a day or two : 

ir this siiBMrt 
Were w«Dtin|r, all thi ftMlMf'd trtW* MWl dt«p 
Tha Mcl«M viay. BO0WU. . 

K And would they die in this sitaation, as ibh die when taken 
from then: natural element, the water ? 

F, The eases are precisely similar. Some fish, as the carp, the 
eel, and ahnost all kmds of aheU-fish, will hve a considerable time 
out of water; so some creatures, which depend upon aif for 
existence, will live a long time in an exhausted rereivor ; a mitf cr- 
fiy, for instance, will lull to the bottom, apparently lii'eless ; but 
admit the air again into the receiver, and it will revive ; whereas 
experiments have been made on mice, rats, birds, rabbits, &c., and 
it IS found that they will live without air but a very few minutes. 

C. Can fish live in water, from wliich the air is wlioliy excluded ? 

F, The air is, in fact, as necessary to their existence as it is to 
ova. Bendes thdr fins, fish have the nse of an air-Tessel, whidi 
gives them fall command of theur Taiiooa motionB in all dq^tha of 
water, which theur fins without it would not be equal to. 

E. What do you mean by an air -vessel ? 

F. It is a small bladder of air, so disposed within them, that by 
the assistance of their muscles, they are able to contract and dilate 
it at pleasure. By contraction they become sperifically heavier 
than tne water, and sink ; by dilaUUum they are lighter and rise 
to the surface more readily. 

C. Are these operations effected by the external air ? * 
F. Very much so : for if you take away the air from the water 
in which a fish is swimming, it will no lon^r have the power of 
eontraoting the air-vessel within, which will then become so ex- 
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Sanded as to keep it necessarily on the surCiuse ol the water, evK 
ently to its ffreat inconvenience and pain. 
If the air-blaclder of a fish be pricked or broken, the fish pre- 
sently sinks to the bottom, unable either to support or raise itself 
up again. Flat fishes, as soles, plaice, &c., which always lie 
groveliing at the bottom, have no au:>bladder. 



CONYEBBATION IL 

Of ike Air-Pump, 

S, Yon htt?e told us, papa, of taking away the air ficom veaBela ; 
will yon show us how that is performed ? 

F. I will; and I believe it will be the most convincing method 
of proving to you that the air is such a body as I haye aSdsciibed. 

This instrument is called an air- 
pump, and its use is to exhaust or 
draw away the air from any vessel, 
as the glass re<3eiver L K. 

C, Does it act like the common 
pump P 

F, So much 80, that, if yon oom^ 
prelieiid the nature and stmotorb 
of the one, yoa will find but little 
difficulty in undentanding the 
other. I will, however, describe rig. i. 

the different parts. ▲ ▲ are two strong brass bands, within each ' 
of which, at the bottom, is fixed a valve, openinff upwards ; these 
valves communicate with a concealed pipe that leaas to k. The 
barrels include also movable pistons, witk valves opening upwards. 

F. How are they moved ? 

F. To the upper parts of the pistons is attached rackwork, 
part of which you see at c c : these racks are moved up and down 
by means of a little cog-wheel, turned round by the handle n. 

C. You turn the handle but half way round. 

F. And by so doing, you perceiye that one of tiie racks rnes 
and the other desoeiias. 

E. What is the use of the screw yP 

F, It serves to readmit air into the reoehrer when it is in a state 
of exhaustion ; for without such a contrivance the receiver could 
never be moved out of its place, after the air was once taken from 
beneath it ; but you shall try for yourselves. I first place a slip 
of wet leather, or a little grease, imder the ed»e of the receiver, 
because the brass plate is liable to be scratchec^ and the smallest 
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unevemim between tbe veoehrer and plate would prevent tlie sue* 
0688 of our experiment. I have tamed the handle oat a few tunes ; 
try to take away the receiver. 
C. I cannot move it. 

F. 1 dare say not ; for now the greater part of the air is taken 
from under the receiver, eonseqaently it is pieBsed down with tbe 

weight of the atmosphere on the outside. 

E. Pray ox plain how the air was taken away. 

F. By turning the winch ii half way round I raised one of the 
pistons, and thereby left a vacuum in the lower part of the barrel, 
and a portion of tiie air in the receiver rushed through the i)ipe 
into the eraptv barrel. I then turned the winch the other way, 
which raised tlie other piston; and a vacuum would be left in that 
baiTel did not another portion of air rush from the receiver into it. 

C, When the first piston descended^ did the asr in the barrel 
open the little valves and escape the rack c ? 

F. It did; and bj the alternate workms of theplstons, somndi 
of the air is taken away, tliat the quantity kft has not force enough 
to raise the valve. 

C. Cannot you take all the air from the receiver P 

F. Not by means of the air-pump. 

F. What is the reason that a mist comes on the inside of the 
glass receiver while the air is exhausting ? 

F. The mist is watery vapour. The air is never absolutely dry ; 
it always contains more or less water : according to tlie tenipera- 
tui'c or the degree of rarefaction, it is able to take up a certain 
quantity, and retain it in an invisible form ; but if this quantity be 
exceeded, it is manifested in the form of vapour. In winter, for 
instanoe, when your breath miies with the cold air, the water 
given off In your breath becomes visiUe^ becHMise tiie Ineath is 
diilled, and cannot then retain so much water in solntbn: in smn- 
mer, you do not see your breath. So, in the present case, the air 
before the pumping commenced has in it no more water than it 
could dissolve in an invisible state ; but as the pumping made the 
remaining air more rareiied, it could not dissolve the same propor- 
tion of water. It is explained by the sudden expansion of the air 
that is left in the receiver. The fact is described, as well as the 
general operation of the air-pump, by Dr. Darwin : 

How, ns in brnsen pnmps the pisUma move, 

Tbe iDFinbrnoe valve ■•••tain* thir ««i|pht alKiv*, 

Stroke foUovt atrok*, the |r«Ud vapour fhUe, 

Alii niistx dew^drapa 4lin tbecryMiil walls; 

Rwa and Movt fata txpaada tlie fluid thin, 

Aad trileaca darafta witli Taeaaajr arfthfn. Boraftte Oami»sic. 

The last line alludes to a fact hereafter to be explained,* namely, 
that where there is no air, there can be no sound. 

* See Coavanatloa X. 
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Fig. a. 



C. You have not tolil \is the use of the smaller receiver w, with 
the bottle of quicksilver within it. 

F. By means of the concealed pipe there is a comniunieatiou 
between this and the large receiver, and the whole is intended to 
show to what degree the air in the 
large receiver is exJiausted. It is called 
the small barometer-^uge, the ineauiuff 
of which you will oett^ understana 
when the structore of the haiometer is 
explained. I will now show you an ex- 
periment or two, by which the resistanoe 
^ of the air is clearly demonstrated. 

E. Are these nmls for the purpose P 

F. Yes, they are : the machine con- 
sists of two sets of vanes, a and 6, made 
eqnallv, and to move on their axes with 
the same freedom. 

C. But the vanes of a are ])laeed 
breadtliwise, and those of Ij are edgewise. 

Tliey are so placed to exhibit in a striking manner the resist- 
ance of tiie atmosphere ; for as the little mill 1/ turns, it is resisted 
only in a small decree, and will go round a much lou^r time than 
the other, which, m its leYohitirais, meets the air with its whole 
SDifaoe. By means of tiie anring e resting against the slider d in 
eacli mill, the vanes are kepx fix^. 

E. Shall I pnsh down the sliders P 

F, Do so ; you see that both set oflF with equal velooities. 

C. The mill a is evidently declining in swiftness, while the 
other goes on as quickly as ever. 

F. Not quite so ; for in a few minutes you will find them both 
at rest. 

Now we will place them under the receiver of the air-pump; 
and by a little contrivance, we shall be able to set the mills m 
motion after the air is exhausted from the receiver ; and then, as 
there is no sensible resistance against thcni, they will both move 
round a considerable time longer than thev did in the open air« 
and the uistant that one stops the other wul stop also. 

S. This experiment dearly shows the resisting power of the air. 

F, It shows also that its resistMioe is in proportion to the sur- 
fiice opposed to it : for the vane which met ana divided the air by 
the edge only continued to move the k)ngest, wliile they were botk 
exposed to it ; but when that is removea, they both stop together, 
because there is nothing now to retard their motion but theiriction 
on the pivots, which is the same in both cases. Take this shilling 
and a feather ; let them both drop from your hand at the same 
instant. 
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C. Tlie shilling is soon at rest at my feet, but the feather con- 
tinues floating about. Is the feather specificallj lighter than air ? 

F, No : for if it were it woula ascend till it 
found the air no hsma thaaiiidif ; wliereas, in 
a minute or two, jon will see tiie fiuKkiher on the 
floor as weO as the shilling: it is, howem, so 
light, and presents so large a surface to the air, 
in comparison to its weiffht, that it is consider- 
ably longer in lalUng to the groond than heavier 
booies, such as a shilling or a guinea. Take 
away the resisting medium^ and thiqf will both 
reach the bottom at once. 

E. How will yon do that ? 

F. Upon this brass flap I place the shilling 
and the feather, and having turned up the flap, 
and shut it into a small notch, I fix the whole in 
a small receiver, with a piece of wet leather be- 
tween the reoeiYer and inaaa. I will now ex- 
haust the air from under ^ reoeiTer, by placing 
it over the fur-pnmp, and if I turn the wire ^a. 
little, the flap will slip down, and the ahiUing 
and feather will fall with equid vebcities : 




Fif. s. 



AH •abttanora with like reloeftf 

DcMcnd, nor the soft down oatotrlps the potd. 



BtJOOSU. 



C. Tliey are both at the bottom, but T did not see tliem fall. 
F. While I repeat the experiment, you must look steadi'astly to 
the bottom, because the motion is too rapid and the distance too 
small for you to trace their motion ; but, by keeping your eye at 
the bottom, you will see the feather ami shiilLng arrive at 
A the same instant. 

In this glass tube is some water, but the air is taken 
away, and loe glass comnletelj dosed. Turn it up quickly, 
so that the water may mil on the other end. 
B, It makes a noise like the stroke of a hammer. 
F. And for that reason it is usually called the philoso- 
phical hammer. The noise is occasioned through tne want 
nf.4. of air to break the fall : for if I take another f^oun^ in all 
respects like it, but having the air inclosed in it, as well as 
water, you may turn it as often as you please with hardly any noise. 

C. Perhaps the air breaks the fall of the water by oiviaing its 
particles. 

F. It acts, with respect to water, as water acts with regard to 
the fall of anv other substance thrown into it ; it impedes the velo- 
city of the falling body. 
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CONVERSATION III. 
Of the TorrieelHim Egperiment, 

C, n, by means of the air-pump, you cannot perfectly exhaust 
ihe sbr from any vessel, by what means is it doneP 

F. Hiis class tube is about 36 inches loi^, and open at one end 
only. I fin it ray aceuiatdiy with qnicksilyer, and plaoing my 
thnmb over the open end, I mvert the tube, and plunge it into a 
vessel of the same metal, taking care not to remove my thumb till 
the end of the tube is oompletely immersed in quicksilver. You 
observe the mercury is suspended in the tube to a certain height, 
and above it there is a perfect vacuum ; that is, in tlie six or seven 
inches at the upper part of the tube, the air is perfectly excluded. 

JB. Could not the air eet in when you took away vour thumb ? 

F. You saw that I did not remove my thumb till the open end 
of the tube was wholly under the quicksUver ; therefore no air 
could eet into the tube without first descending through the 
quicksilver : now you know that a lighter fluid will not descend 
aiTOfU^ one that is heavier, and, con8e(iueiitiy, it is impossible 
that any air should be in the upper part of the tube, if the quick- 
silyer were carefully purified beforehand. 

C, What makes the ooioksilTer stand at that particular height f 

F. Before I answer tnis, tell me the reason why water cannot 
be raised by means a common pump higher than about 32 or 33 
feet ? 

C. Because the pressure of the atmosphere is equal to the 
pressure of a column of water so many feet in height 

F. And the pressure of a column oi quicksilver 29 or 30 inches 
long, a little more or less, according to the variation of the air, is 
equal to the pressure of a column of water 32 or 33 feet high, and 
consequently equal to the pressure of the whole height of the 
atmosphere. 

S, is then the mercniy in the tube kept suspended by the 
weight of the air pressing on that in the cup P 
JR It is. 

R If yon could take away the air from the oup^ would the 
qilicksilver descend in the tubeP 

F, Til had a receiver lonff enough to indose the cup and tube, 
and were to place them on tne air-pump, you would see the effect 
that a single turn of the handle would nave on tlie mcrcm-y ; and, 
after a very few turns, the quicksilver in the tube would be nearly 
on a level with that in the cup. 

I can show you, by means of this syringe, that the suspension 

• 8m Hjdrostetica, Coavvnatioa XXI. 
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of the quicksilver in the tube is owing to nothing but the pressure 
of tlieair. 

(7. What is the stmctnre of the syringe? 

If you undentand in vhat manner a common water-aqiiirt 
acts, yon will be at no loaa about the i^ringe, whidi ia made 
like it. 

C. By dipping the small end of a sqiiiii in water, and liftiii^ iq> 
the handle^ a vacuum is made, and then the pressuie of the air on 
the 8ur£aoe of the water forces it into the squirt. 

F. That is the proper explanation. Tliis vessel 
D, containing some qnicksilver, and the .snuill tube 
(jify 38 inches long, open at both ends, immersed in 
it, are placed under a large receiver a b, the brass 
plate c, put upon it with a piece of wet leather, 
admits the small tube to pass through it at e. I 
will now screw the syringe H on the tube g and, 
by lifting up the handle i, a partial yacunm la made 
in the tube ; oonaeauently the pressure of the air in 
the receiver upon the mercury in the cup D forces 
it up into the little tube as high as just in the 
same manner as water follows the piston in a 
common pump. 

E. But is not tliis nsc of the quicksilver in the 
tube owing to the suet ion of the syringe ? 

F. To prove to you that it is not, I place the 
whole apparatus over the air-pump, and exhaust 
tlie air out of the receiver a B. This operation, 
you must be sensible, lias not the smallest effect 
on the air in the syringe and little tube ; but you 

nevertheless observe^ that the mercury has again Icdlen Into the 
cup D ; and the syringe might now be work^ for ever without 
raising the mercury in the tube; but admit the air into the re- 
ceiver, and its action upon the surface of the quicksiLver in the 
cup will force it instantly into the tube. 

This is called the Torricellian experiment, in honour of Torricelli, 
a learned It.ilian, and a diseii)le of Galileo, who invented it, and 
who was the £rst person that discovered Uie pressure and weight 
of the air. 

C. Was not the true nature of the atmosphere understood be- 
fore the time of Torricelli ? 

F. Ko : he was the father of all the modem discoveries respect- 
ing the properties of the atmospheric air. He died at the age of 
40, when great hopes were formed of his talents and genius. 
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CONVEBSATION IV. 

0/ the Freuure of ike Air. 

C. It seems very surprising that the air, inrluch is invisible, 
should produce such effects as you have described. 
F, 11* you are not satisfied with the evidence which b 

SOT eyes are capable of affording, you irould perhaps 
TO no oligeotion to the iiiformation which your feel- 
ings may convey to your mind. Place this bttle glass 
A B, open at both ends, over the hole of the punin 
plate, and lay your hand dose upon the top while I 
turn the liandte of the pump a few times. 

C. It hurts me very much : I cannot take my hand away. 
F. By lettinir in tlie air I have released you. The pain was occa- 
sioned by the pressure of the air on the outside of your hand, that 
being taken away from under it which served to counterbalance 
its ^veight. 

This is a larger glass of the same kind ; over the 
large end I tie a piece of wet bladder, ^, very tight, 
and will place it on the pump, and ttdLe the air from 
under it. 

E. Isittheweightof the air that bends the Uadder 
so much? 

F, Certainly : and if I turn the handle a few more 

times it vnll burst. 

C. It has made a report as loud as a gun. 

F. A piece of thin flat glass may be oroken in the 
same manner. Here is a glass bubble with a long 
neck ; whicli I put into a cup of water b, and place 
them under a receiver on the plate of the air-pump, 
and, by turning the handle the air is not onlv taken 
from tne receiver, but that in the hollow ghiss ball will Fif . 8. 
make its way through the water and escape. 

E. Is it the air which occasions the bubbles at the surface of 
the water ? 

F. It is. Kow the babbling is stopped, and therefore I know 
that as nrnxki of the air is taken away as can be got out by means 
of the pump. Hie hollow ball is still empty : Imt by turning the 
screw Y of the pump (Eiff. 1), tlie air rushes into the receiver and 
presses upon the water, Uiereby filling the ball with the fluid. 

C. It is not quite fall. 

F. That is because the air could not be perfectly exhausted, and 
the little bubble of air at the top is what, in its expanded state* 
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filled the whole glass ball, and now, by the pressure of the external 
auTj it is reduced into the size you see it. 

Another very simple experiment will convince you 
that suction lias nothing to do with these experi- 
ments. On the leather of the air-pump, at a utile 
distance from the hole, I place lightly this 9mall 
leeemr x, and pour a spoonful or two of water 
round the edge of it. I now cover it with a hoger 
Fig. 9. receiver a b, and exhaust the air. 

E. I see by the bubbles round the edge of the small reoehrer 
that the aur is making its way from under it. 

F, I have pretty well eihiwisted all the air; can you move the 
large receiver ? 

C. No ; but by shaking the pump I see the little one is loose. 

F. The large one is rendered immovable by the pressure of the 
external air. But the air being taken from the inside of both 
glasses, there is nothing to fiisten down the smaller receiver. 

K But it' suction had anything to do with this business, the 
little receiver would be fast, as weU as the other. 

F, Turn the serew Yof the air^ump (Tig. 1) quicklj. Touhear 
the air rushing in with violence. 

C. And the huge receiver is loosened again. 

F. Take away the smaller one. Bmma. 

E. I cannot move it with all my streagtL 

F. Nor could you lift it up if you were much stronger than yos 
are. For by admitting the air very speedily into the large receiver, 
it pressed ciowti the lit tin one before any air could eet underneath it. 

C. Besides, I imagine you put the water round the edge of the 
glass to prevent the air from rushing between it and the leather. 

F. You are right ; for air, being the Ughter fluid, could not de- 
scend through the layer of water in order to ascend into the re- 
ceiver. Could suction produce the effect in this experiment ? 

C. I think not ; because the little receiver was not fixed till 
after what might he thought suction had ceased to act. 

F, Bight : and to impress this fact stronglv on your mind, I 
wiU this expoament. You observe that tibe air heing taken 
from under both receivers, the large one must be fixed oy the 
peasure of the atmosphere, and the smaller one is loose, because 
time is no pressure on its outside to fasten it. But by admitting 
Ihe air, the inner one becomes fixed by the veiy means that the 
outer one is loosened. 

F. How will you get the small one away ? 

F. As I cannot raise it, I must slide it over the hole in the brass 
plate ; and now the air gets under it, there is not the smallest 
difficulty. 
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C. Would it be poamUe to raise the small glass? 

F. If the experiment be well executed, it could scarcely be lifted 
ap by the strength of any person. But bj introdudiig the air 
under it, ail difficulty Tanishes. 



CONVERSATION V. 

0/iAe Fresture of the Air. 

C. Although suction lias nothinff to do in the experiments which 
you made yesterday, yet I think 1 can show you an instance in 
which it luks. This experiment, if such it may be called, I haye 
made a hundred times. I fasten a string in the centre of a round 
piece of leather, and, having thoroughly soaked it in water, I press 
it on a flat stone, and by pulling at the string the leather draws 
up the stone, although it oe not more than two or throe inches 
in diameter, and the stone weighs seyeral pounds. Surely this is 
suction. 

F. I should say so too, if I could not account for it by the pres- 
sure of the utniospherc. l^y pressing the wet leather on the stone 
you displace the air, then by ])ulling the string a vacuum is left at 
the centre, and the pressure of the air about the edges of the 
leather is so great, that it requircsagreaterpower tliaii thegravi^ 
of the stone to separate them. 

I haye seen you drink water from a spring by means of a hollow 
straw. 

JR Tes; that is another instance of what we haye been aeons- 
tomed to call suction. 

F. But now yon know that in this operation you make a syringe 
with the straw imd your Hps, and by arawin<^ in your breath you 

cause a vacuum in the hollow straw tube, ana the pressure of the 
air on the water in the spiing forces it up through the straw into 
the mouth. 

C. I cannot, however, help thinking that this looks like suction, 
for the moment I cease the drawing in my breath, the water 
ceases to rise in my mouth. 

F. That is, when there is no longer a vacuum in the straw, ,the 
pressure within is just equal to that without^ and consequently the 
water will rest at its natural kreL 

I will show you another striking mstance of the effects of the 
air^s pressure. This instrument is called the iran^knr. The 
screw c fits on the plate of the air-pump, and by means of the 
stopcodcs & and h I can take away tne air from both^ or either, 
of the reoeifeni i« k at pleasure. 
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E. Is there a oliaunel then nmiuiig from c 
tlirough D A B« and thence passing to the 

receivers P 

F, There is. Twill screw the whole on the 

air-pump, and turn the cock g, so that there 
is now uo communication from c to the in- 
terned part of the receiver i. At present you 
observe that both the receivers are perfectly 
free. By turning the handle of tlie pump a 
few times, the air is taken away from the re- 
ceiver K, and, to prevent its re-entrance, I 
turn the stopcock if. Try if you can more it 

FIf. 10. 

C. T cannot ; but the other is loose. 

F, The pressure of the atmosphere is evidently the same on the 
two receivers ; but with regard to the glf\ss i, tlie pressure within 
is equal to that without, and the glass is free : in the other, the 
pressure from within is taken away, and the glass is fixed. In 
this state of the experiment you are satisfied that there is a vacuum 
in the receiver k. By turning tlic cock g, I open a communi- 
cation between the two receivers, and you hear the air that was in I 
rush through the channel a b into K. Now try to move the glasses. 

E. They are both fixed; how is this F 

F, The air that was inclosed in the glass i is equally diffosed 
between the two, consequently the interaal pfessnre of neither is 
equal to the external, and therefore they are both fixed by the 
excess of the external pressure over the mtemal. In this case it 
could not be suction that fixed the glass i, for it was free long 
after what might have boon thought suction had ceased to act. 

C, What are these brass cups ? 

F. They are called the Magdebourg 
hemis])heres ; I will bring the two, 
B A (Fig. 11) together, with wet 
leather between tliem, and then screw 
them by d to the plate of the air- 
pump : and, having exhausted the air 
m>m the inside, I torn the stopcock 
By take them from the pump, and. 
screw on the handle f. See if you 
two can separate them. 
E. We cannot stir than. 
F. If the diameter of these cups were four inches, the pressure 
to be overcome woiild be equal to 180 lbs. I will now hang them 
up in the receiver and exhaust the air out of it (Fig. 12), and you 
see they separate without the application of any force. 
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C, Now there is no preflsaie on the outside, and therefore the 
lower cup falls off by its own gravity. 

F. With the steelyard (Pig. 13) you may try very accurately 
to what weight the pressure of the atmosphere against the cups is 
equal.* 

E. For when the weight w is carried far enough to overcome 
the pressure on the cups, it lifts up the top oue. 




rig. IS. 





F, I have exhausted the air of this receiver H (Fig. 14), consc- 
qoentbr it is fixed down to the brass plate i ; to the plate is joined 
a small tabe with a stopcook w ; by placing the lower end of the 
tube in a basin of water, and tnniing the oook, the pressure of the 
atmosphere on the water in the basin forces it through the tube in 
the form of a fountain. This is called the fountain in vacuo. 

To the little square bottle a b (Fig. 15) is cemented a screw 
valve, by which I can fix it on the plate of the air-pump, ^d 
exhaust its air ; and you will see that when there is no power 
within to support the pressure of the atmosphere from without, it 
will be broken into a tiiousaud pieces. 

C. Why did you not use a round phial ? 

F. Because oue of that shape would have sustained the pressure 
like an arch. 

E. Is that the reason why the glass receivers azte able to bear 
such a weight without breaking ? 

F. It is. If mercury be poured into a wooden cup c, 
made of wiUow or ash, or a stem of thorn, and the air 
taken from under it, the mercurv will, by the weight of 
the external air, be forced throu^jh the pores of the wood, 
and descend like a shower of ram. 

C. This is a very interesting and beautiful experiment ; 
proving satisfactorily the great pressure of the atmosphere. '"'^ • 

• T1a« prlaoiyU «f Ufa* itMljrard it ixplaiacd in M««hiiiiic«t C9iiiT«rMii«ii XV. 
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F. But there is a far more astounding illustration tlian this in 
the Atmospheric Ilailway. 

C. Oh, papa ! I am so ^lad you mention that ; for I llftVO 80 
often wished to know why it is called Atmospheric Railway. 

F. You will soon see why, whca I have described it. You 
noticed how the pressme of the atmosphere burst the bladder 
(Fig. 6) as soon as I had removed the air &om the oth^ side of 
thebhidder ; I will now make a somewhat similar exncriment by 
placing a glass tube on the air-pump with a well-shaped cork in its 
upper end; you see what hi^pens: as soon as I take away air 
from below the cork, the pressure of the atmosphere forces the 
cork into tke tube, and it moves alonp: on the inside until it reaches 
the lower end. Now if the surface of the cork had been a square 
inch, and there had not been much friction, with what force would 
it have been driven down. 

C. Witli a ]tressure etjual to 15 lbs. 

F. Yes ; and therefore it cuuld have drawn along a weight of 
1 5 lbs. But if this weight were placed Oil wheels, and the wheels 
moved on a smooth sanaoey it could have been moved fiir more 
readily, on account of the fiivorable manner of applying the force. 
Here, then, you have the atmospheric railway in miniature. 

C. Yes, papa; but then it must require a very large tube to 
draw a train of carriages weighing, as ihey do, many tons ; because 
the pressnre is sUli only 15 lbs. on a square inch when there is a 

perfect vaeamn. 

i*. I am pleased to hear these objections, because it shows that 
you understand the subject ; now it is found that a force of less 
than 20 lbs. will move a ton on wlieels on a smooth surface like a 
railroad, so tliat you have merely to get the area of the piston and 
divide l)y 20, and you get a rough idea of the nuiiiber of tons that 
can be drawn. 

E. But, dear papa, it is all very easv to undmtaud the coik 
being drawn aloi^ m the glass tube, and pulling after it anything 
attadied ; hok how can a piston moving in a tube a mile or two in 
length be attached to the carriages ? 

F. We will visit the Polytechnic and see the model there; and 
we will then take a trip to Croydon cm the atmospheric line : in the 
meantime I can readSy give you an idea of the plan. Between 
the rails is fixed an iron tube 18 inches in diameter; a slit, an 
inch or two wide, passes along the upper side of the jp^roove. Tliis 
slit is closed by a leathern flap armed with metal, which is ILxed to 
one side of the slit by a kind of hinp^e, and shuts upon tlie other 
like a door. Charles, go outside tlie door and thrust in my cane, 
while Emma shuts the door upon the cane ; now move the cane up 
and down, and if Emma holds it her hand is moved by you : mow 
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fancy Charles's hand to be the piston and Emma's to be the first 
can iage, and you get some iaea of the mode of applying tiie 

force. 

C. Ave, papa, now I see ; but our parlour door, or valve, for 
doors are just like valves, and are sometimes called so, beiiig of 
wood, is open all the way ; but the leather valve would be open 
only a little on each side the piston ; so that a very little manage- 
ment would keep the tube aii'- tight. 

F, This is not the only valve that has been proposed^ but I 
believe is the only one wMob is actually woikea. I suppose 1 
need scarcely tell you that the water is ezhwisted by laiee air- 
pnmps^ worked by sleam-engines, erected in those pretty biddings 
at the several stations.' 



CONVERSATION VI. 
Cfihe Weighi of Aw, 

K We have seen the surprising effects of the air's pressure ; are 
there any means of obtaining the exact iceight of air? 

F. If you do not require any very great nicety, the method is 
very simple. 

This Florence flask is fitted up with a 
. screw, and a fine oiled silk vahe at d. I will 
now screw the fiask on the jde^ of the air- 
pmnp, and exhoost the air. Ton see, in its 
present exhausted state, it weighs 3 onnces 
and 5 ^ains. 

C. Cannot the air get through the silk ? 
The silk, being varnished with a kind of 
oily substance, is impenetrable to air ; and being exhausted, the 
pressui'c upon the outside effectually prevents the entrance of the 
air by the edges of the silk ; but if I lift it up by means of this 
sewing-needle, you ^vill hear the air rush in. 

E. is that hissing noise occasioned by the re-entrance of the air? 
I\ It is ; and when that ceases, you may be sure the air within 

the bottle is of the same density as that without. 

CHI weigh it again, the difference between the weight now, 
and when jou tried it before, is the weight of the quantity of air 
contained m the bottle: it weighs very accicrately 3 ounces 19^ grs., 
consequently the air weighs 14^ grains. 

F. And tne flask holds a quart, wine measure. 

B. Does a (jnart of air always weigh 14 J grains ? 
F, The weight of the air is perpetually changing; therefore, 

14 
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tliough a qtiart of it collected on the sorfoce of the earth weighs 
to-day 14^ grains, the same qnantitj mi^, in a few haus^ weigh 

14 i grains, or perhaps only 14 g^ns, more or less. 

C. You intimated that, m wei2:hing the air, the flask could not 
be depended upon, if great nicety were required; what is the 

reason of that ? 

F. I told you, when explaining the o])crations of the air-pump, 
that it was impossible to obtain, bv means of that instrument, a 
perfect vacuum. The want of accuracy in tlie ilask experiment 
depends on tlie small quantitv of air that is left in the vessel after 
the exhaustion is earned as far as it will go : this, however, if the 
pump be good, will, after 12 turns of the nandle^ be less than the 
4000th part of the whole quantity. 
How do you know this ? 

F. You seem unwilling to take anything npon mv word ; and in 
subjects of this kind you do ri^t never rest satisfied without a 
reason for what is asserted. 

I suppose, then, each of the barrels of the air-pump is equal in 
capacity to the flask ; that is, eacli will contain a quart ; then it is 
evident, that by turning the handle of the pump, 1 exhaust dl the 
air of one barrel, and tne air in the flask becomes at the same 
time equally diffused between the barrel and fliisk ; that is, the 
quart is now tlivided into two equal parts, one of which is in the 
flask, and the other in the barrel. By the same reason, at the 
next turn of the handle, the pint in the flask will be reduced to 
half a pint ; and so it will ^ on decreasing, by taking away at evesy 
turn one half of the quantity that was Idt in by the last turn. 

(7. Do you mean then, that after the first torn of the handle, 
the air in the bottle is twice as rare as it was at first ; and affc^ 
the second, third, and fourth turns, it is four tunes, eight times, 
and sixteen times as rare as it was when you bej^an. 

F. Tliat is what I meant ; carry on your multiplication, and you 
will find that after the twelfth turn it is 4096 times more rare 
than it was at first. 

E, I now understand that, though absolute exactness be not 
attainable, yet, in weighing this quart of air, the error is oiUy 
equal to the 409Gih part of the whole, which quantity may, in 
reasoning on the subject, be overlooked. 

F. I will exhaust the flask ag-ain of its air, and, putting the 
neck of it under water, I will lift up the silk valve and fill it with 
water. Now drr the Outside yery tnoroughly and weigh it. 

(7. It weighs 27 ounces. 

8ubtn^ the weight of the flask, and reduce the remainder 
into grains, and divide by 14i, and you wiU obtain the spedfic 
gravi^ of water compared with that of air. 
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C. I have done it, and the water is something more than 800 
times heavier than air. 

F. Since, then, tlie specific f^ravity of water is always put at 1 , 
that of air must be as g^^th, at least, according to this calculation; 
but following the more accurate experiments of Mr. Cavendish 
and others, whose authority may be safely appealed to, the specific 
gravity of air at the earth^s smf ace (a hmitation wluch you will 
ere long understand) is 800 times less than that of water, when 
the barometer stands as high as 30 inches. 

Canyon tdl me what the air in this room weighs ? the length 
of the room is 25 feet, the height lOJ, and the width 12 J, 

E. I multiply these three numbers together^ and the answer is 
3281*25 ; or the room contains a little more than 3281 cubic feet: 
now a cubic foot of water weighs 1000 ounces; therefore the 
weight of the roomful of water would be 3,281,000 ounces; but 
air being 800 times lighter than water, tlie air in the room will 
weigh 3,281,000 ^ 800 = 4101 oz. = 256 lb. 5 oz. It seems, 
however, surprising that the air, which is invisible, should weigh 
so much, though I cannot doubt the fact after this computation, 
founded, as it is, on careful experiments. 



CONVERSATION VIL 

0/ the ElasticUy of Air, 

F, I haye told you that air is an elastic fluid. Now it is the 
nature of all ehsfcio bodies to yield to pressure^ and to endearour 
to regain their former figure as soon as the pressure is taken off. 

In projecting an arrow from your bow, you exert your strength to 
bring the two ends of the bow near together, but the moment you 
let go the string, it recovers its former shape : tl» power by wliich 
this is effected is called elasticifi/. 

E. Is it not by tliis power that India-rubber, after it has been 
stretched, recovers its usual size and form ? * 

F. It is : and almost everything that you make use of jios- 
sesses this i)ro})ci'ty in a greater or less degree : balls, marbles, 
the chords of musical instruments, are ail elastic, to a certain 
extent. 

C. I understand how all these things are elastic ; but do not 
see in what manner tou can prove the elasticity of the air.* 

F. HereisaUadder, whicmwewiU All with air, and tie up its 
mouth to prevent its escaping again. If you now press upon it 

* Set Ifecbauiet, Convera&tiou XIII. 
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with your hands, its figure will be changed ; but the moment the 

pressure is removed it recovers its round shape. 

F. And if I throw it on the ground, or against any other ob- 
stacle, it rebounds like a ball or marble. 

F. You are satisfied also, I presume, that it is the air which is 
the cause of it, and not the bladder that contains it. 

Let us now have recourse to the air-})ump to exhibit some of the 
more striking effects of the air's elasticity. I will let a part of 
the air out ot the bladder, and tic u}) its mouth again. The pres- 
sure of the external air is flaccid, and you may make what im- 
pression, you please upon it, without itsendeavouiing to reassume 
its fbnner figure. 

S. What proof is there that this is owii^ to the external 
pressure of tne air ? 

F, Such as will satisfy you both^ I am sure. Place it under 
the reoevrer of the air-pump, exhaust the air, and see the conse- 
quences. 

C. It begins to swell out ; and now it is as laige as when it was 

blown out lull of air. 

F. The outward pressure being in part removed, the particles 
of air, by their elasticity, distend, and fill up the bladder ; and if it 
were much larger, and the exhaustion were carried farther, the 
same small quantity of air would fill it completely. I will now 
let the air in a^'ain. 

K This exmoits a very striking proof of tl^e power and pres- 
sure of the external air, for the bhidder is as flaceid as it was 
before. 

F, I put the same bladder into this square box without any 

alteration, and place upon it a movable lid, upon which I put this 
weight. By bringing the whole under a receiver, and exhausting 
the external air, the elasticity of that in the biadder will lift up the 
lid and weight together. 

0. If you pump much more, the weight will fall against the side 
of the ghiss. 

F. r do not mean to risk that : — it is enough that you see a few 
grains, not half a dozen, of air will, by their elasticity, raise and 
sustain a weight of several pounds. 

Tiikc this glass tube (represented in Fig. 4): the bore of the tube 
is too small for the water to run out ; but if 1 place it under the 
receiver of the air-pump, and take away the external air, the little 
quantity of air which is at the top of tne glass, will, by its ehistic 
force, expand itself, and driye out all the water. 

R This experiment shows that a very snudl quantity of air is 
capable of fiUing a huge space, pro^idea the external pressure b 
taken off. 
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F. Oertainlj: I will take off tlie Uadderfrom this glass. The 
little images all swim at the top, the air eontained ia them ren- 
deriiig them rather lighter than the wafer. Tie little leaden 
weights to their feet, and thev are then pulled down to the bottom 
of the vessel I now place the gjlass under the receiver of the air- 
pniTip, and, by exhausting the air from the vessel, that which is 
witliiu the images, by its ehisticity, expands itself, forces out more 
water, and you see they are ascending to the top, dragging the 
weights after them. I will let in the air, and the pressure forces 
the water into the images again, and they descend. 

Here is an apple very much sln-ivelled, which, if placed under 
the receiver, and the external air be taken away, will appear 
as plimip as if it were newly gathered from the tree. I will aomit 
* theair apiiL 

C. It 18 as shrivelled as ever. Bo apples oontain air P 

F, Yes, a great deal ; and so, in fact, do almost all hodies that 
arc specifically lighter than water, as well as many that are not so. 
It was the elastic power of the air \sdthin the iq[>ple that forced 
out all the shrivelled parts when the eiteroal presauxe was taken 
awav. 

Here is a small gUu» of warm ale, from which I am going to 

take awav the air. 

E. It seems to boil, now you exhaust the air from the receiver. 

F. The bubbUng is caused by the air endeavouring to escape 
from the Honor. Let the air in again, and then taste the beer. 

C. It is flat and dead. 

F, You see of what importance air is to give to all our liquors 
their nleasant and brisk flavour, for the same will happen to wine 
and all other fermented fluids. 

E, How is it that tiM air, when it was readmitted, did not 
penetrate the ale agaui P 

F, It could not msinuate itself into the pores of the beer, be- 
cause it is the lighter body, and therefore wiU not descend through 
the heavier. Besides, it does not follow that it is the same sort 
of air which I admitted into the reoeifer, that was taken from 
the ale. 

M. Arc there more kinds of air tlian one ? 

F. Yes, very many. That which I took from the beer, and 
which gives it the brisk and lively taste, is called fixed air, or car- 
bonic acid gas, of which there is, in general, but a very smail 
quantity in tlie atmosphere. 

The elastic!^, or sprmg of air, contained in our flesh, was 
clearly shown ov the experiment, when I pumped the air from 
under jronr hana. 

C. Was that the cause of its swelling downward P 
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F. It was : and it will account for the pain you felt, which was 
f^rcater tlian, and of a very different kind from, what you would 
luive experienced by a dead weight being laid on the back of your 
liand equal to tlie pressure of the air. 

Cuppinfi is an operation performed on this principle : the ope- 
rator tells you he draws up the flesh ; but if he were to speak 
correctly, he would say, he took away the external air from off a 
oertam part of the bodk and thentiie elastio fofce of the air witlmi 
extends, and sweUs ont the flesh lead^ for the lancets. 

E, When I sav you cupped he did not nse an air-pump, bat 
little glasses, to raise the flesh. 

W. Glasses closed at top are now generally made use of, in which 
the operator holds the flame ol a lunp : bv the heat of this the ^ 
elasticity of the air in the glass is increased, and thereby a great 
nai-t of it driven out. In this state the glass is put on the part to 
00 cupped, and as the inward air cools, it contracts, and the glass 
adheres to the flesh by the dili'erence of the pressures of the inter- 
nal and external air. 

By some persons, however, the syringe is considered as the 
most effectual method of performing the operation, because by 
flame the air cannot be rarefied more than one half, whereas by the 
syringe a few strokes iHll nearly exhaast it. 

Here is another square bottle like that before exhibited (Ei^. 15, 
p. 207), oidy that it is fall of air, and the mouth sealed so (uosely 
that none of it can escape. I mdose it within the wire cage 
md in this state bring tiiem under the reoeiyer, and exhaast the 
external air. 

C. With what a loud report it has burst ! 

F. You can easily conceive now in what manner this invisible 
fluid endeavours continually by its elastic force to dilate itself. 

E, Why did you place the wire cage over the bottle ? 

F, To prevent the pieces of the Dottle from breaking the re- 
ceiver, an accident that would be liable to happen without this 
precaution. 

Take a new-laid egg, and make a small hole in the little end of 
it ; thei^ with that end downwards, place it In an ale-^^ass under 
tiie reoeirer, and exhaast the air; the whole contents of the egg 
wlU be forora out mto the glass by ^ elastic snring of the small 
bubble of air which is always to oe found in tiie hurge end of a 
new-laid egg. 

F, Well, really these experiments are y^ delightfuL How 
{[rateful do I feel to yon, dear papa» for giving us this power of 
westigating the works of nature. 



Digitized by Gopgle 



COMPIIESSION OF AIE. 



215 



CX)NVERSATION TUL 
Of the Compretsiou of Air. 

F. I have already alluded to the compressibility of air, which it 
is proper to describe here, it being a oonsequence of its eJasticitj: 
for wnatevtr is ^tic is capable of being forced into a smaller 
space. In this respect air diaers yeiy matcanalhr fxoai other fluids. 

C. Yon told ns that water ma oompressibk in a Teiy smaU 
dcOTee. 

I did so ; but the compression which can be effected with the 
greatest power is so very small, that, without considerable atten- 
tion and nicety in conducting the experiments, it would never have 
been discovered. Air, however, is capable of being compressed 
into a very small space compared with what it naturally possesses. 

E. The experiment you made by plunging an ale-glass with its 
mouth downwards, clearly proved tnat tne air which it contained 
was capable of being reduced into a smaller space. 

This bended tube a b c is closed at a and open at c. It is, 
in the oommon state, full of air. I first pour into it |i c 
a Httk qnidaiher^ just sniBoient to 0Q¥er the bottom I 
• b: now the air in each leg is of the same density, Uj 
and as that contained in a b cannot escape, because H 
the lighter fluid will be always uppermost, when I f| |Ja 
pour more quickailTer in at c, its weight will condense |l Uj « 
the air iu the 1^ A B ; for the air, which filled the whole 11^ 
length of the leg, is, by the weight of the quicksil- b 
ver ui c B pressed into the smaller space a a*, which 
space will dc diminished as the weight is increased : 
so that, by increasing the length of the column of mercury in c B, 
the air iu the other leg will be more and more condensed. Hence 
we learn that the elastic spring of air is always and under all cir- 
cumstances equal to the force which compresses it. 
C, Howis that proved P 

F. If the spring, with whic^ the air endearonn to expand itself 
when it is compressed, were less than the propelling force, it must 
yield still farther to that force; that is, if the spring of the air in 
A jT were less than equal to the weight of the mercury in the other 
1^ it would be forced into a yet smaller space ; but, if the spring 
were greater than the weight pressing upon it, it would not have 
yielded so much ; for you are well aware that action and reaction 
are equal, and act in ojiposite directions. 

You can now easily understand why the lower regions o£ the 
atmosphere are more dense than those which are higher. 
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E, Because they are pressed upon all tbe air that is above 
thein^ and therefore condensed into a smaller soace. 

F, Consequently the air becomes gradually thinner or rarer, till, 

at a considerable height, it may be conceived to degenerate to 
nothing. The diiTerent densities of the air may be illustrated by 
conoeiying twenty or thirty equal fleeces of wool placed one upon 

another ; the lowest will be forced into a less space, tliat is, its 
j)arts will bo brought nearer together, and it will be more dense 
than the next ; and that will be more dense than the third from 
the ])ottom, and so on till you come to the uppermost, which sus- 
tains no other pressure than that occasioned oy the weight of the 
incumbent air. 

Let us now see the effect of condensed air, by 
means of an artificial fouutain. This vessel is made 
of strong copper, and is about half fuU of water. 
Witii a syrin^ that screws to the pipe B ▲ I forae 
a oonsider^^ quantity of air into the vessel, so 
that it is very much condensed. By turning the 
stopoodk B wnile I take off the syringe no water 
can escape : and, instead of the syringe, I put on 
a jet, or very small tube, after which the stopcock 
is turned, and the pressure of the condensed air 
forces the water through the tube to a very great 
height. 

U. Do you know how high it ascends ? 
F. Not exactly: but as the natural pressure of 
the air vfAl raise water 33 feet, so if by condensa- 
tion itspressiirc be tripled, it will rise 60 feet. 

B, miy tripled? Ought it not to rise to this 
hekht by a double pressure P 
F. Ton forget tfiiftt thiere is the common pressnxe always aoting 
against, and preventing the ascent of the water; therefore^ b^ 
sides a fbroe within to balaooe that without^ thisre must be a 
double pressure. 

C, You described a syringe to be like a common water-squirt — 
liow are you able, by an instrument of this kind, to force in so 
^eat a quantity of air F Will it not return by the same way it is 
lorced in ? 

F. The oidy difference between a condensing syringe and a 
squirt is, that, in the former, there is a valve that opens down- 
wards, by wliieh air may be forced through it ; but the instant 
that the downward pressure ceases, the valve, by means of a strong 
spring, shuts of itself, so that none can return. 

Will not air fmgib back dimng the time yoa are fordng in 
more of the estenud air F 
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F. That would be the case if the s^iuge pipe went no lower 
than that part of the yessd whidi contauis the air; bat it reaches 
to a ocHMSiderable depth in the water ; and^ as it cannot find its 
way back up the pipe, it must ascend through the water, and . 
cause that pressure upon it which has been described. 

C. To wbat extent can air be oompceased ? 

F. If the apparatos be strong enough, and a sufficient ]>ower 
applied; aimospherir air may be condensed several tliousand times; 
tnat is, a vessel, which will contain a p^alloii of air in its natural 
state, may be made to contain several thousand gallons. 

By means of a fountain of this kind, youu^ people like your- 
selves may receive much entertainment with only a few additional 
jets, which are made to screw on or off. One kiiitl is so formed 
that it will throw up and sustain on the stream a little cork ball, 
scattering the water aU round. Another is made in the form of a 
globe, pierced with a great number of holes, all tending to the 
oentxe, exhibitiiig a very pleasing sphere of water. One is con- 
trived to show, in a neat manner, the composition and resobtion 
of forces ezphuned in our Convenatioiis on Mechanics* Sraie . 
will fonn cascades ; and by others jon may, when the sun shines 
at a certain height in the neayena> exhibit artificisl rainbows.f 

We will now foioe in a fresh siqq^ of air, and tiy soaaoe of 
these Jets. 

E. rray, papa, why did you lay so great stress upon atmotpheric 

air being capaole of a certain condensation. 

F. Because other kinds of air can be so much condensed a3 
actually to be squeezed into a liquid. 

E. t>o tell us how this is done. 

F, Dr. Faraday, now the most distinguished philosopher for 
original xeseardi, was working wiHi a certain aur or gas m tubes, 
and obseryed an oilv liquid appear: he repeated the experiment 
with car^oll^roleanea tubes, and the oily appearance again oocorred. 
On examination he found that the gas had actually beoi condensed 
into this oily liquid. The gas was called chlorine. 

R How very curioosl. And is this the only kind of air that 
can be liquefied ? 

F. By no means ; he has found that very many of the ^es are 
capable of liquefaction under certain precautions, which you 
will be able to comprehend better when you have learned a little 
chemistry. The most remarkable, by way of illustration, is the 
gas contiiincd in olianipagiie, soda-water, ale, &c., namely, carbonic 
acid. The materials necessary for producing this gas are placed 
in a strong iron vessel : the gas forms very abuudautly ; ana as it 
has no means of escaping, it becomes so oompressea by the oon< 

* 8«e Meehanlct, ConrrrMtion XTIf. 

t This pbcaometioa i» deteribcd and czplaiaad \m Optics, ConTeraation XVI 1 1* 
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tinued accumulation, that at last it squeezes itself into a liqnid. 
When the vessel is opened the liquid begins to return into gas so 
fast, that it produces an immense quantity of cold, as ether 
does when placed on your liand ; and this cold actually freezes the 
rest of the liquid, and the gas appears in a solid form, just like snow. 

E. How I should like to touch this solid air: it must be 
very cold. 

P, Yea» dear^ ao oold that meieaiy instantly freeaea in ft, and 
beoomea like lead, ao thaft y^ou can cat it, or hammer it on an an- 
vil But you would find it no easy matter to toucli it, for the 
anr&oe of it would expand into eas and place itself between your 
finger and the solid carbonie add ; but if you use a little ether to 
wet the solid and your finger, your fin^ would be instantly irost- 
bitten. But we must not talk more ot this. 

E, I observed, in the upright jets, that the height to which the 
water was thrown was continually diminishing. 

F. The reason is this : that m proportion as the quantity of 
water in the fouutam is lessened, the air has more room to ex- 
pand, the compression is diminished, and consequently the pressure 
Dccomes less, till at length it is no greater within than it is with- 
out, and then the fountain ceases altogether. 

Condensed air haa been proposed aa a means of propeUing loco- 
motives instead of steam; it is compressed in im iron cylinder, and 
by proper regdationa is allowed to escape, and act upon a piston. 



CONVERSATION IX. 
Mueettaneotu EgperimetUt <m ike Air^Fua^. 

F. I shall, to-day, exhibit a few experiments, without any regard 
to the particular subjects under which they might be arranged. 

In this jar of water I plunge some pieces of iron, zinc, stone, 
&c., and you will see that, wlien I exhaust the external air, by 
bringing the jar under the receiver of tiie air-pump, the elastic spring 
of aur contamed in the pores of tiiese solid aubstanoea will foroe 
them out in a multitude of ^obolea, and exhibit a vety pleasing 
spectacle, like the pearly dew-drops on bladea of graaa : but when 
ladmit the air, they suddenly disappear. 

E, This proves what you told us a day or two ago, that aub- 
stances in general contain a great deal of air. 

F. Instead of bodies of this kind, I will plunge in some vege- 
table substances, a piece or t wo of the stem of beet-root, angelica, 
&c. ; and now observe, when I have exhausted the receiver, what 
a quantity of air is forced out of the little vessels of these plants 
by means of its elasticity. 
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C From this ezperiment wc may oondude that air makes no 

Email part of all vegetable substances. 

F. To this piece of cork, which of itself would swim on the 
surface of water, I have tied some lead, just enough to make it 
sink. But, by taking off the external pressure, the cork will bring 
the lead up to the surface. 

E. Is that because, when the pressure is taken off, the substance 
of the cork expands, and becomes specilically lighter than it was 
before? 

F, It Is; ISua ezperiment is tiried 1^ using aUadto; in which 
is tied up a Teiy small quantity of air, and sank in water ; for 

when the extenml pressure is remoived, the spring of air within 
the bladder will expand it, make it speciiGksaUj Dg^&r than water, 
and bring it to the surface. 

The next experiment shows that the ascent of smoke and 
vapours depends on the air. I will blow out this candle, and put 
it under the receiver; the smoke now rises to the top, but as 
soon as the air is exhausted to a certain degree, the smoke descends, 
like all other heavy bodies. 

C. Do smoke and vapours rise because thej are lighter than the 
SUn-uunding air ? 

F. That IS the reason: sometimes you see smoke from a chimney 
rise quite vertically in a lon^ column ; the air then is very heavv ; 
at otner times yon may see it descend, wjueh is a proof that the 
density of the atmosphere is yeiy mndi diminished, and is, in fact, 
less than that of the smoke, imd at all times smoke can ascend 
no higher than where it meets with air of a densify equal to itself, 
and there it willsparead about like a cloud. 

C. Do balloons rise on a similar prindpleF 

F. Yes ; a balloon is merely a large bag of gas : the mass of aur 
displaced by the balloon is heavier than the balloon and all its 
appendages, so that the latter rises in it. A Moiit Lcoliier is a bag 
of air rarefied, and so made lighter by a fire or a flame of spirit. 

C. I once noticed Mr. Green make an ascent : I observed that 
when the balloon was full, he took the neck away from the gas- 
pi^)e, and tied it witli his handkerchief; I was sure he had some- 
thing in view, for he was so very careful in tying the handkerchief, 
and t watehedhim. 

B. And what did he dof 

C» T6 my astonishment when eveiythinff was xcbAj, he let go 
the rope wnich held down the balloon, and at the same moment 
he actually pnlled away the handkercliief and opened the neck of 
the balloon, so that the gas could all escape. I should have 
thouffht it was an accident, if I had not seen him wave the same 
handkerchief. What could he mean by this, papa ; first to M hia 
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baUoon, and then, when I should hare thought he most needed the 

gas, to let it out ? 

F, He fiUa his balloon because tlie public, after paying their 
shillings, would not like to see a half-HlIed bag ascend. But, as 

he rises from the earth, the pressure of the atmosphere upon the 
balloon gradually decreases ; because part of the column of air is 
left below him, This being the case, the confined gas expands ; 
and if he were not to open the neck, the balk)on would very soon 
be burst open, just as tne square bottle (ilg. 15) burst. 

The reason of his opening the twck of the balloon is because 
ill the process of ascending the gas can more easily escape from 
below ; but if he wishes to descend, he puUs a cord and opens a 
▼alve at the top of the balloon, and the descending motion squeezes, 
as it were, the gas ont. If he wished to rise again, he throws out 
some san4 and makes the whole machine lig^bter. So yon see, he 
anives at the earth again with a fitr less supply of gas than he 
started with. 

fig. 20 is usually called the lungs-glass: a bkdder is tied 
dose about the little pipe which is screwed into the bottle 
and at first nearly fills it. I introduce it under the receiver B, 

and begin to exhaust the air of the receiver, and that in the 
bladder communicating]: with it wullalsobc withdrawn : the clastic 
force of the air in the bottle a will now press the bladder to the 
shrivelled state represented in the figure : I will admit the air, 
which expands the bladder ; and thus, by alternately exliausting 
and readmitting the air^ I show the action of the lungs in breathing. 




B 



Fly. 90. Fif . tl. FfiT' S** 

But perhaps the following experiment will give a better idea of 
the subjeot. In Fi^. 21, a rej)resents the lungs, b the windpipe 
leading to them, which is closely fixed in the neck of the bottle, 
from which the air cannot escape ; d is a bladder tied to the 
bottom, and in its distended state will, with the internal cavity of 
the bottle, represent the cavity of the body, which surrounds the 
lun^, at the moment you hanre taken in breath ; I fovoe up n (as 
in £ig. and now the bladder isshriyelled by the jjiessore of* 
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Me external air in the bottle, and represents the longs jnst at the 

moment of expiration. 

I have exactly balanced on this scale-beam a piece of lead and a 
piece of cork : in this state I will iatroduce them mider the re- 
ceiver, and exhaust the air. 

C. The cork now seems to be heavier than the lead. 

Z'. In air each body lost a weight proportional to its bulk ; but 
wiieathe air is taken away, the weight lost will be restored ; but 
as the lead lost least, it wiUnow regain the leasts conseqaentlv the 
cork will preponderate with the dinerence of the weights restored 
by taking away the air. 

Thus you see that in vacuo, a pound of cork, or fmihen^ would 
he heavier than a fomd of lead; as I mentioned in an earlier 
conversation. 

E, Why do bodies, when weighed in air, .lose weights propor- 
tional to their hulks ? 

T. Because the air, being a fluid substance, tends to lift up a 
body immersed in it, and the lari^cr the bodv, the more effect it 
will have upon it : of course, it has more eifect on an omice of 
cork than on an ounce of lead. 



CJONVERSATION X. 

Of the Air- Gun and Sound > 

F. The air-gon is an instrument, the effects of which depend on 
the elasticity and compression ol air. 

K Is it used for the same purposes as common guns ? 

F» Air-euns will answer au the purposes of a musket or fowlinjf- 
piece : bullets discharged from them will kill animftla at the dis- 
tance of 50 or 60 yariTs. Tliey make no report, and on account 
of the great mischief tliey arc capable of doing, without much 
chance of discovery, they are deemed illegal, and are, or ought to 
be, found nowhere but among the apparatus of the experimental 
philosopher. 

C. Can you show us the construction of an air-gun ? 

F. It was formerly a very complex machine, but now the con- 
struction of air-guns is very sunple; Eig. 23 is one of the most 
approved. 

JB, In appearance it is veiy much like a common musket, with 
the additbn of a round hall c. 

F. That ball is hollow, and contains the condensed air, which 
is forced into it by means of a syringe ; it is then screwed to the 
barrel of the gim. 
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C. Is there fixed to the ball a valve opcninj^ inwards ? 
F. There is : and when the leaden bullet is rammed down, the 
trigger is pulled back^ which forces down the hook b upon the pin 




Fiff 23. 

connected with the valve, and liberates a portion of the condensed 
air ; this rushing through a hole in the lock into the barrel, will 
impel the bullet to a great distance. 

JE, Does not all the air escape at once ? 

JP. No ; if the gun be well made, the copper baU will contain 
enough for 15 or 20 s^arate ohaiges : so that one of these is 
capable of doing muidh more execution in a given time than a com- 
mon fowling-piece. 

C. Docs not the strength of the charges diminish each time ? 

F. Certainly ; because tlic condensation becomes less upon the 
loss of every portion of air ; so that after a few diseliarges the 
bullet will be projected only a short distance. To remedy this 
inconvenience, you might carry a square ball or twa ready filled 
with condensed air in your pocket, to screw on wlien the other 
was nearly exhausted. Formerly, this kind of instrument was 
attached to gentlemen's walking sticks. 

A still more formidable instrument is caBed the Magagine vmd- 
gun. In tlds» these is a magasine of bnllets, as well as another of 
air ; and, when it is properly charged, the ballets may be projectcMl 
one after another as fast as the gim can be cocked and the pan 
opened. The springe in these is fixed to the butt of the gun, by 
which it is eaaly charged, and may be kept in that state for a ' 
great while. 

E. Docs air never lose its elastic power ? 

F. It would be too much to assert that it never will ; but expe- 
riments have been tried upon different ])ortions of it, which have 
been found as clastic as ever after the lapse of many months, and 
even vears. 

a \VTiat is this bell for ? 

F. I took it out to show you that air is the medium by which, 
in general, soimd is communicated. I will place it under the re- 
ceiver of the air-pump, and exhanst the air. Now observe tlie 
clapper of the bell white I shake the am>aratas. 

I see eleariy that the dapper stnxes the side iA the bell, but 
I do not hear any ringing. 
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F. Turn the oock and admit the air; now you hear tlie sound 
pkinly enoii|^ : and if I use the syringe and a different kind of 
glass, so as to condense the air, the sound will be very much in- 
creased. Dr. Desai^nliors says, that in air that is twice as dense 
as common air, he could hear the sound of a bell at double the 
distance. 

C. Is it on account of the dilYerent densities of the atmosphere 
that we hear St. Paul's clock so much plainer at cue time than 
another ? 

F. Undoubtedly the diil'erent degrees of density in the atmo- 
spheie will occasion some difference ; but the principal cause 
depends on the jpiaiter from which ti&e wind blows ; for as the 
direction of that is towards or opposite to onr house, we hear the 
cdoek better or worse. 

E. Does it not require great strciiglli to condense air ? 

F. That depends much on the size of the piston belonging to 
the syn'nge ; for the force required increases m proportion to the 
square of the diameter of tlie piston. 

Suppose the area of the base of the piston is one inch, and you 
have already forced so much air into the vessel that its density is 
double that of common air, the resistance opposed to you will be 
equal to 15 pounds ; but if you would have it ten times as deu&e, 
the resistance will bo equal to 150 pounds. 

C. That would be more than 1 could manage. 

F, Well, then, you must take a syringe, the area of whose 
piston is only half an inch ; and in that case the resistance would 
be equal to onlj the fourth part of 160 pounds, because the square 
oil IS equal to 

C?. When talking of liquid carbonic acid producing cold by cx- 
pandinff, does air when condensed prodnoe iwflp//' 

F. les ; and there is a kind of syringe made with a tight piston, 
and a piece of German tinder inside, and by driving down the 
piston by a smart ])low tlie tinder is inflamed. 

E. You said that the air was ge7ieralJ}j the medium by which 
sound is conveyed to our ears ; is it not always so ? 

F. Air is always a good conductor of sound, but water is a still 
better. Two stones being struck together under water, the sound 
may be heard at a greater distance by an ear placed under water 
in the same river, than it can througli tlie air. In calm weather, 
a whisper may be heard across the Thames. 

^ The slightest scratch of a pin, at one end of a long piece of 
timber, may be heard by an ear applied near the other end, though 
it could not be heard at half the distance through the air. 

• Tilt »%asre of auj Duiubtr being the number mHltiplied into itself, ^ X ^ ~ ^. 
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The earth is not a bad conductor of sound : it is said that, by 
applying the ear to the ground, the tranijiliiig of horses may be 
hoard much sooner than it could through the medium of the air. 
Kccourse has sometimes been had to this mode ol learning the 
approach of an host ile army. 

Take a k)ug strip of flannel, and in the middle tie a common 

goker, which answers as well as anything, leaving the ends at 
berty : these ends must be rolled round the end of the first finger 
of eadi hand, and then stopping the ears with the ends of these 
fingers, strike the poker, thus suspended, against anj body, as the 
edge of a steel fender ; the depth ol the tone which the snoke will 
return is amazing ; that made oy the largest church-bell is not to 
be compared with it. Thus it appears that flannel is an excellent 
conductor of sound. 



CONVERSATION XI. 
Of Sound. 

F. We shall devote this Conversation to the consideration of 

some eurions circnmstanecs relating to sound : which, as depend- 
ing ii]>oii the air, will come very properly under I'lieumatics. 

C. You showed us yesterday t hat the stroke made by the clapper 
of a bell was not audible, w^hen it was under an exhausted receiver; 
is the air the cause of sound ? 

F. Certainly in many cases it is : of this kind is thunder, the 
most awful sound in nature : 

The fiir is Trhiole of tonnd ; 
Remove but tlic elastic palte of air, 
And the snme ear, whicL now delighted feela 
The nice diatinction of the finest notes, 
Woald Bot diMen Um thaadw from a tocMC* BoCMli. 

E, Is thunder produced by the air P 

F, AU we know of thunder is that electric force passes between 

two points, and disturbs the intervening molecules of air : they 
are then thrown into a sudden and violent state of vibration ; ana 

vibration and sound are pretty neadf the same thing. The light- 
ning flash takes a long jonniey in an incredibly short space of time ; 
and it ])roduces this vibration along its whole course; ; but sound, 
as we shall presently see, takes some time to travel to our ear, so 
that we get a continuous rolling until the last audible wave of 
sound has anived. 

C. Can the report of a large cannon be called a miniature imita- 
tion ? I remember being once in a room at the distance of but a few 
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paces from the Tower gxins when they were fired, and the noise 
inliiutely worse than any thunder that I ever heard. 

F. This was because you were near tliem : gunpowder, so tre- 
mendous as it is in air, when inflamed in a vacuum, makes no more 
sound than the bell in like circumstances. 

JVIr. Cotes mentions a very curious experiment which waa con- 
trived to show that aound oannot penetrate thioii£^ a yaeanm. A 
strong leoeiyer, filled with common atmosphoac air, in whidi a 
bell was suspended, was screwed down to a brass plate so tight 
that no air could escape, and this was included in a mndi larger 
receiver. Wlien the air between the two receivers was ekhansted^ 
the sound of the bell could not be heard. 

E, Coidd it be heard before the air was taken away? 

F. Yes ; and also the moment it was readmitted. 

C. What is the reason that some bodies sound so much better 
than others ? BeU-metal is more musical than copper or brass^ 
and these sound mucii better than many other substances. 

F. All sonorous bodies arc elastic, the parts of which by per- 
cussion are made to vibrate ; and as long as the vibrations con- 
tinue, corresponding vibrations are communicated to the air, and 
^ese produce sound. Musical chords aud bells are instances that 
will illustrate this. 

S. The vibrations of the bell are not visible ; and musical chords 
vnUl vibrate after theb sound has vanished. 

F, If light particles of dust be on the outside of a bell when it 
is struck, you will, by their motion, have no doubt but that the 
particles of the metal move too, though not sufficiently to be 
visible to tlie naked eye. If you take a plate of glass and sprinkle 
on it a little tine sand, and then hold it at one corner by a pair of 
pliers, and pass a violin-bow idong one of the sides, you will see 
the sand arrange itself into a uniform ii^urc : if you api)ly the bow 
to one comer, the figure will be varied ; and by this means you 
may produce some beautiful aiTungements of the sand, and almost 
say that vou see sound. 

C. Is it known how far sound can be heard ? 

F. We are assured upon good authority, that the unaansted 
human voice has been hwd in the stillness of night at the dbtanioe 
of 10 or 12 miles ; namely, &om New to Old Gibraltar. And in 
the famous sea-fight between the English and Dutch, in 167d, the 
sound of cannon was heard at the distance of 200 miles from thcS 
place of action. In both these cases the sound passed over water ; 
and it is well known that sound may be always conveyed much 
farther along a smootli than an uneven surface. 

Experiments have been instituted to ascertain how nmch water, 
as a conductor of sound, was better than land ; and a person was 

16 
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heard to read very distinct Iv at the distance of 140 feet on the 
Thames, and on land h(* eould not be heard farther tlian 76 feet. 

E. Might not there be iuterrii})ti()ns iu the latter case ? • 

F, No noise whatever intervened bj land, but on the Thames 
• there wm aonie oooaaonad faj the flfmog of the watis^. 

€L Am we werewalldnglast ronmierto^rardaH^ 
a partj^ of soldien firing at a mask new Chalk Aum, and yoa 
deebed Emma and me to take notice, as we appToaefaed the spot, 
how much sooner the report was heard lifter we aaw the fiaah^ 
than it was when we first got into the fields. 

F. My intentkm was that you should know, from actual experi- 
ment, that sound is not conveyed instantaneonaly, but takes a 
certain time to travel over a p^iven space. 

When you stood close to tlie place, did you not observe the 
smoke and hear the report at the same instant F 

E. Yes, we did. 

F. Then you arc satisfied that the light of the flash, and the re- 
port, are always produced together. The former comes to the eve 
with the velocity of light, the latter reaches the ear with the velo- 
city wiUi whkh Bound travels ; if, then, light travela' Cuter than 
80vnd» yon will, at anj oonsiderable distance from a gun that is 
fired, see the flash before yon hear the report. Do yon know with 
what velocity light travels P 

C. At the rate of 12 millions of miles in a minute.* 
F. With re^d then to sevml kindred yanb, or even a few 
miles, the motion of light may be considered as instantaneous. 

F. This I understand, beoauae 10 miles is as nothing when com- 
pared with 12 millions. 

F. Now sound travels only at the rate of about 13 miles iu a 
miimto. Sir John lierschel shows that at the temperature of 62**, 
sound travels at the rate of 1125 feet per second ; and that for 
every reduction of one degree in temperature, it gains 114 feet 
per second. The average velocity, therefore, is 9000 feet, or 
oOOO yards, in 8 seoonds. Therefore, as time is easily divisible into 
seoonds, the progressiTC motion of sound is readily mariced by 
means of a stop-watch. 
C. Is it certain that sounds of all kinds travel at this rate ? 
F. A great variety of experiments have been made on the sub- 
ject, and it seems now generally agreed that all sound tiavelswitii 
a uniform velocity. 
F. Then with a stop-watch you coidd have told how frur we 



F. Most easily; for I should have counted the number of 
seconds that elapsed between the flash and the report^ and then 

• 8m Aatrracaij, CMmwiUw XX Vi. 
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hire Ukiiltiplied 1126 hj the immber, and I should have had (ho 
exacfc distance in feet between ns aiid the giin. 

C. Has this knowledge been applied to any practical poipoee ? 

F. It has frequently been usea at sea, by night, to Imow the 
of a am^ that has fired her watch-gans. Suppose you 
were in a vessel, and saw the flash of a gnn, and between that and 
the report 2 1 seconds elapsed* what would be the distance of one 
vessel from another ? 

E. I should multiply 1125 by 2 i, and then bring the product 
into yards, which in tins instance is equal to somethmg more tiuyi 
9000 yards. 

F. \iy counting the number of seconds elapsed between the flash 
of lightning and the clap of thunder, you may ascertain how far 
distant you are from the storm. 

C. IshonMlDcetohsTeastop^watditobeable tocalcolatothis 
fair myself. 

F. As it will probably be sometime before you become possessed 
of such an expensire instrument^ I will tell you of something 
wiiieh jou hare always about jon, and whkk will answer the 

purpose. 

F. What is that, papa? 

F. The pulse at your wrist, which, in healthy people, generally 
beats about 75 times in a minute :* in the same space of time 
sound flies 1125 ft. X 60=67,500 ft. ; divide this by 75 and you 
get 900 feet, as the distance travelled over during each pulsation. 

E. U 1 see a flash of lightning, and between that and the thunder 
I count at my wrist 36 or 60 pulsations, I say the distance in one 
case is equal to 36 X 900 a: 32,400 leet, or 10,800 yards; and in 
the ot^er to 60 x 900 s: 5^000 feet, or 18,000 yards. 

F, You are right ; and this metiiod will, for the present be 8uf> 
ficiently accurate for all your purposes. 

C. The information you have now given us is highly interesting ; 
and I doubt not but that mj sist^ and I ahall meet with many 
opportunities of putting it in praetioe. 



CONVERSATION XH. 

Of the Speakitig Tnaiipei, 

C. I have been thinking about the nature of sound, and am 
anxious to ask what it is. 

F. It would be but of little use to give jou a definition of 
sound ; but I will endeavour to illustrate the subject. You saw 

• Ib «iUUi«d tb« palM U man rmpM. 
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just now that wlicii yow vihrated the glass plate, and the waves 
iiict with sand, the latter assumed a certain regidar arrangement ; 
wlicu the same waves toueh the ear, they produee certain sensa- 
tions, which are carried to our brain, and wiiieh we call sound. If 
there were no ears there would be no sound. Uniform vibrations 
produce ftound ; irregular vibrat ions produee noise. 

E. Is it such a wave as wo see in the pond when it is ruiflcd by 
the wind? 

F, Bather SQcli a one as is prodiioed b J throfwing a pe^ 
still water. 

C. I have often obserred this ; the snifeoe of the water fonns 
itself into circular waves. 

F, It is probable that the tremulous motion of the parts of a 
soaoKoas body communicate nndnlations to the air in a similar 

manner. Two obvious circumstances must strike every observer 
with r('G:;ird to the undulations in water. 1st. The waves, the 
farther tliey proceed from tlie striking body, become loss and less, 
till, if the water be of a sullicient magnitude, they become invisible, 
and die away. The same thing takes place with regard to sound ; 
the farther a person is from the sounding body the less plainly 
it is heard, till at length the distance is too great for it to be 
audible. 2dly. The waves on the water are not propagated in- 
stantaneonsljr, but are finmed one after another in a given space 
of time. This> from what we have akeadj shown, appears to be 
the manner in which sound is pronagated. 

(7. I have noticed that, when 1 throw two stones into a pond, 
the waves in some parts interfere, and produce still water. Kow« 
can two sounds produce silence P 

F. Yes : providing the waves are so circumstanced ; a case in 
point is that peculiar thrilling which you hear occasionally, aye, 
and feel too, in the church or^^an. 

E. Is sound the eifect wiiiui is produced on the ear by the un- 
dulations of the air ? 

F. It is; and according as these waves are stronger or weaker, 
the impression, and consequently the sensation, is greater or less. 
If sound be impeded in its progress by a body that has a hole 
in it, the waves pass through the hole, and then dhreige on the 
other side as from a centre : the vibrations of the substance of 
the sides of a tube, as well as the shape ol the mouth, tend to 
augment tiie sound. Upon this principle the ^^eaking4rwmpet is 
constructed. 

a What is that, sirP " , 

F. It is a long tube, used for the purpose of making the voice 
heard at a considerable distance : the length of the tube is from 
6 to 12 or 15 feet; it is straight throughout, having at one end a 
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large aperture, and the other terminates in a proper shape and 
ske to receive the lips of the speaker. 

E, Are these instruments mucli in use ? 

F. It is believed that they were more used formerly than now : 
thoy are certainly of f^eat antiquity. Alexander the Great made 
use of such a contrivance to communicate his orders to the army; 
by means of which it is asserted lie could make himself perfectly 
understood at the distance of 10 or 12 miles. Stentor is celebrated 
by Homer as one who could call louder tliau iifty men : 

He«vf>n'« emprens ming^let with the mortnl <*rnir<l« 
And •hotitfl, in Stkntur's sooudiiif^ vuiee, nlottdt 

ptfiitiir liir atronff, eudocd \i-ith hmsn lungty 

Whuse ilit out surpttM'd the lurce of fifty toBf u«». POPBTi Homer, v, il76. 

Prom Stentor, the speaking-trumpet hss been called the Stento- 

rophonic tube. 

C, Perhaps Stentor was employed in the army for the purpose 
of communicating the ordm of the general, and he might make 
use of a trumpet for the purpose^ and that is what is meant by 

brazen lungs. 

F. That is not an improbable conjecture. Well, besides 
speaking-trumpets, there are others contrived for assisting the 
hearing of deaf persons, which differ but little from the spealdng- 
trumpet. 

If A and B represent two trumpets, placed in an exact line at 
the diatance of 40 feet or more from one another, the smallest 




Fif.ti. 

whisper at a woidd be distinctly heard at b ; so that by a con- 
trivance to conceal the trumpets, many of lliose speaking figures 
are constructed which are frequently exhibited iu the metropolis 
and other large towns. 

E, I see how it may be done ; iliere must be two sets of trum- 
pets, the one connected with the ear of tiie image into which the 
iq^eotator whispers, and which oonTeys the sonod to a pmon in 
another room, who, by tabes connected with the month of the 
image, returns the answer. 

C. I saw the original invisible girl, which has been deposited by 
Mr. Poy in the Polyteohnic Institution for the express purpose of 
showing the principles of natural philosophy that were employed 
in the deception. A hollow ball, about a foot in diameter, is 
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suspended by ribands j it han^s free, and has four trumpet mouths; 
the wonder was that, on askm^ a question of this ball, a female 
voice answered from its interior. The fact was, the trumpet- 
mouths faced the ends of a pipe concealed in the frame ; the pipe 
led to an adyouiing xocna wlSm the female was eoneealecL 



CONVEBMTION XUI. 

Of the Echo. 

F. Let us turn our attention to another curious subject relatii^ 
to sound, and which depends on the air ; I mean the echo. 

E. I have often been delighted to hear my own words re- 
peated, and I once asked Charles how it hapi)ened that, if I stood 
lu a particular spot in the garden, and shouted aloud, my words 
were distinctly repeated ; wnereas, if I moved a few yards nearer 
to the wall, 1 had no answer. He told me that he Imew nothing 
more than this, that in a part of Ovid's Metamorphoses Echo is 
represented as hftvii^ beenanympk of theivoodB, mthat, pining 
awar in love» her race was all that was left of her. 

I apprehend tiiis saye your sister hat little satis&otioii re- 
specting the cause of the echo. I will endeavonr to explain the 
subject. When veil throw a pebble into a smaU pool of water, 
what happens to uie waves when they reach the maxgiaP 
C. They are thrown back again. 

F. The same happens with regard to the undulations in the air, 
which arc the cause of sound. They strike against any surface 
fitted for the purpose, as the side of a house, a brick wall, a hill, 
or even against trees, and are reflected or beat back again; this is 
the cause of an echo. 

E. I wonder then that we do not hear echoes more frequently. 

F. There must be several concurring circumstances before an 
echo can be produced. Tor an echo to be heard, the ear must be 
in lute rphefioM* 

C. I do not know what yon mean by the line of refleetkm. 
^F. I cannot always anna nsmg teems that have not been nre- 
▼lously explained. This is an instance. I will, however, expiam 
what IS meant by the line of incidence and the line of reflection. 
When yon oome to Optics, these snlgeGts will be made iamiiiar to 
you. lou can play at marbles P 

C. Yes, and so can Emma. 

F. Suppose you were to shoot a marble against the wainscot^ 
what would happen ? 
C. That depends on the direction in which I shoot it ; if I stand 
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directly opposite to the wainscot, the marble will, if I shoot it 
strong enough, return to my hand. 

F. The line which the marble describes in go'm^ to the wall is 
called the line of inddencep and that which it makes in returning 
is tie Une of refleetum. 

S, But they are both tlie same. 

JP. la this particular instance they are so : but suppose you 
slioot obliquely or sidewise agsinst the board, will toe marble 

return to the hand ? 

C. 0 no! it will fly off sidewise in a contrary direction. 

JP. There the line it describes before the stroke, or the line of 
Incidence, is different from that of reflection, which it makes after 
the stroke. I will give yon another instance : if you stand before 
the looking-glass you see yourself, because the rays of light flow 
from you, and are reflected back again in the same line. But let 
Emma stand on one side of the room, and you on the other : you 
both see the glass at the upper end of the room ? 

E. Yes, and I see Charles in it too. 
C, I see Emma, but I do not see myself. 

F. Iliis happens just Hke the 
marble 'wMch yofu saot ddeinse. d^mt 
The rays flow mm Emma obliquely J^p^ 
on the glass, uponwhich they strike 
and fly off iu a eontrair direction, 
and by them you see ner. I will 
apply this to sound. If a bell a be 
struck, and the undulation of the 
air strike the wall c d in. 'd perpen- 
dicular direction, they will be re- 
flected back in the same line ; and if a person were properlv situ- 
ated between a and c, as at he would hear the sound of the bell 
by means of the undulations as they went to the wall, and he 
would hear it again as they came back, which would be ike echo 
of the first sound. 

E. I mm understand the distinotkm between the direct sofond 
and the echo. 

JP. if the undulations strike the wall obliquelj, they will, like 
the marble against the wainscot, or the rays of fight against the 
g^asSy fly oif again obliquely on the other side, in a lefleeted line, 
9BC m; now if there be a niU or other obstacle between the bell 
and the place m where a person happens to be standing, he will 
not hear the direct sound of the beD, but only the echo of it, and 
to him the sound will come along the line c m. 

C. 1 have heard of places where the sound is repeated several 
times. 
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F. This happens where there are a imiubcr of walls, rocks, &c., 
which reflect the sound from one to the other ; and where a person 
ham^ens to stand in such a situation as to intercept all the hnes of 
lefleotion. These are called tantologioal or habibung echoes : 

Bi\bblin)f ♦•cho mnck^ tlip hnunda, 
RcplTiiiR: shrilly to th<" wrll-f iiii.-<l lioraa. 
At it a double buut were hruid ut uuce. SHAKEsrEARE. 

There can be no echo unless the direct and reflected sonnds 
follow one another at a sufficient infcnal of time; for if the 
latter arrive at the ear before tlic impression of the direct sound 
oeases, the sound will not be double^ but only rendered more 
intense. 

E. Is there any rule by wliich the time may be ascertained ? 

F. Yes, there is ; I will bc^in with the most simple case. If a 
person stand at or in the last %ure, in order that the echo may be 
distinct, the difference between the space ax^ >nd ae added to e9, 
must be at least 127 feet. 

C. The space through which the iireet sound travels to a person 
is <y ^, and the whole direct line to the wall i&ae^ besides which 
it has to come back through cx \o reach tlie person again. All 
this I comprehend ; but why do Jim say \%7 feet in particular ? 

F. It is founded on tliis principle. By experience it is known 
that about nine syllables can be articulately and distinctly pro- 
nounced in a second of time. But sound travels with the velocity 
of 1112 feet in a second, therefore in the ninth part of a second it 
passes over or 127 feet nearly, and consequently the reflected 
sound, which is the echo, to be distinct, must travel over at least 
127 feet more than the direct. 

C. li" c d Hi the iigure represent the garden w^all, how far must 
I be from it to hear distinctly any word I utter ? Will 63 or 64 
feet be snffidenti, so that tiie wh^ space n^icth the sound has to 
travel be eqnal in this case also to 127 feet P 

F, It most be something more than tins, becansetiie first sonnd 
rests a certain time on tte ear, which should vanish belbfre the 
echo returns, or it will appear a continuation of the former, and 
not a distinct sound : it is generally supposed that the distance 
must not be less than 70 or 72 feet; ana this will give the distinct 
echo of one syllable only. 

C. Must the distance be increased in proportion to the number 
of syUables that are to be repeated ? 

F. Certainly : and at the distance of about 1000 or 1200 feet, 
8 or 10 syllables, properly pronounced, will be distinctly repeated 
by the ecno. 
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' CONYERSATION XIV. 
Ofik$ Echo. 

F. I will now name to you some of the most celebrated echoes. 
At Rossneath, near Glasgow, there is an echo that rcneats a tune 
played with a tnmipet tliree times completely ana distinctly. 
Kear Home there was one that repeated what a person said five 
times. At Brussels, there is an echo that answers 1 5 times. At 
Thombury Castle, Gloucestershire, an echo repeats 10 or 11 times 
▼enr distmctlr. Between Goblentz and Bingen an echo is cele- 
bnned as different from most others. In common echoes the re- 
petition is not heard till some time after hearing the words spoken 
or notes sung; in this the person who speaks or sings is scarcely 
heard, but the reoetition is peroeiyed very dearly, and in sur]prising 
varieties : the edio in some cases appears to dc approochmg, in 
others receding ; sometimes it is heard distinctly, at others scarcely 
at all : one person hears only one voice, while another hears several. 
And, to mention but one more instance, in Italy, near Milan, the 
sound of a pistol is returned 5G times, 

£, This IS indeed 

To fetch thrill echoes iVom their hollow earth. 

F, The ingenious Mr. Derham applied the echo to meaanxing 

inaccessible distances. 
C. How did he do this ? 

F. Standing on the banks of the Thames, opposite to Woolwich, 
he observed the echo of a single sound was reflected from the 
houses in three seconds, consequently in that time it had travelled 
8426 feet, the half of which, or 171o feet, was the breadth of the 
river in that particular place. 

Bid you ever hear of the Whispering Gallery in the dome of 
St. Pool's Church? 

E, Tea; and you promised to take us to vmt it some time. 

F. And I will penorm my promise. In the meanwhile it may 
be proper to inform you, that the circumstance that attracts every 
person 8 attention is, that the smallest whisper made against the 
vmSl on one side of the gallery is distinctly heard on the other 
side. 

C. Is this effect produced on the principle of echo ? 

F. No ; it is merely reflection of souna : the vaulted roof is of 
such a shape, tliat a line drawn from the hearer and another from 
the speaker to any spot make the same angle ; and consequently 
everj/ sjmt sends a wave of sound to the hearer, and he thus hears 
a sound of a magnified intensity. 
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E. I have heard of the echo of Westminster Bridge, papa. 

F. This is somewhat of a similar nature : if you place yourself 
in what is called tlie focus of one of the stone recesses, and speak 
toward the wall, while your brother stands in the opposite recess 
with his fi\cc to the wall, he will hear what you say, in spite of 
the noise of the carriages. The sound from your lips is reflected 
in straight lines from the wall, passes across the road in straight 
lines, touches the wall ctf theotlMsr leoessi and is xefleoted baek to 
your brother^a ear in a focus. 

. 0. Is thm a nutoial difference in the oonyeyanoe of sound, 
whether the medium be rough or smooth ? 

F. The difference is very great. Still water is, perhaps, the best 
conductor of sound : the echo which I mentioned in the neighbour- 
hood of Milan depends much on the water over which tne villa 
stands. Dr. Hutton, in his Mathematical Dictionary, gives the 
following instance, as a proof that moisture has a considerable 
effect upon sound. A house in Lambeth Marsli is very damp 
during winter, when it yields an echo, which abates as soon as it 
becomes dry in summer. To increase tlie sound in a theatre at 
Home, a canal of water was carried under the floor, which caused 
a great difference. 

X^ext to water, stone is reckoned a eood conductor of sound, 
though the tcme k rough md disa^preeaUe; a well-made brick wall 
has Been known to cony^ a whisper to the distance of 800 feet 
neailj. Wood is sonorous, and produces the most agreeaUe tone^ 
and is therefore the most proper substance for musical instruments ; 
of these we shall say a wa or two before we quit the sul^eet of 
sound. 

E. All wind instruments, as flutes, trumpets, &c., must depend 
on the air : but do stringed instruments ? 

F. They ail depend on the vibrations which they make in the 
surrounding air. X will illustrate what I have to saj by means of 
the Eolian harp. 

If a cord eight or ten yards long be stretched very tightly be- 
tween two points, and then struck with a stick, the whole string 
will not vibrate, but there will be several still places in it, which 
are called nodes, between which the cord will move. Now, thift 
air acts upon the striugs of the Eolian harp in the same mannef 
as the stroke of the stick upon the long cord just mentioned. 

C. Do not the different notes upon a violin depend upon the 
different length of the strings, which is varied bj the fingers of 
the musician ? 

F. They do : and the current of air acts upon each string, and 
divides it into parts, as so many imaginary bridges. Hence every 
string in aniiknian harp, though all are in unison, becomes capable 
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of several sofnnds, ton which anseB the wild harmony of that in- 
strument. 

The undulations of the air, caused by the quick vibrations of a 
string, are well illustrated by a sort of mechanical sympathy that 
exists among accordant sounds. If two strings on diJOTerent in- 
struments are tuned in unison, and one be stnick, the other will 
reply, though they be several feet distant from one another. 

E. How IS this accounted for ? 

The waves made by the first strniff being of the same kmd ' 
as would be made hf the seoond if stmdE, those waves ghre a me- 
chankal stroke to the seoond string, and prodnbe its soond. 

{7. If all the strings on the Eolian harp are set to tiie same 
note, will they all vibrate by striking only one ? 

F. They will ; but the met is well illustrated in this method : 
bend little bits of paper over each string, and then strike one suf- 
ficiently to shake off its paper» and jon will see the others will fall 
from their strings. 

E. Will not tliis liappen if the strings are not in unison ? 

F. Try for yourself ; alter the notes of all the strings but two, 
and place the papers on again ^ vibrate that string which is in 
unison with another. 

E. The papers on those are shaken off ; but the others remain. 

F, A wet nnger pressed round the edge of a thin drinking glass 
will produce ito Iraj : if the glass be struck so as to produce its 
pitch, and an unison to that piteh be strongly excited on a yioko- 
cello, the glass will be set in motion, and if near the edge of the 
table will be liable to be shaken off. 

On the same prinoipLe the musical glasses are constructed, whidi 
are said to produce sweeter tones than can be had from any other 
instrument, and that may be swelled and softened at pleasure 
different pressures of the finger. 

The fundamental facts on which the whole depends are these. 
The nature of the tone, as to gravity or acuteness, depends alto- 
gether upon the number of vibrations made in a given time : the 
sweetness of the tone depends upon the vibrating substance of the 
instrument, and more or less, also, upon the shape or symmetry 
of the instrument. Any substance whatever, when it makes 118 
Tibrations in a second, will yield a tone which is in unison with 
the lowest o upon our viokmcellos. If any sonorous body give 
twice this number, or 936 vibrations in a second, the tone wiU be 
0^ an octave higher. If it be made to give 472 vibrations in a 
second, the sound will be an octave higher still. If the vibrations 
in a second were \ of 118, or 177, the sound yielded would be a 
fifth above the first 35^ 708, 1416, &c. would give a series of . 
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Gs suc^^pssivciy, each an octave above tlie prccodinc:. And in like 
nmiiiicr intcrnicdiate numlxTs of vi))rations easily C()in])uted wouid 
yield ail tlie iutcnnediate tones and semitoucs iu on octave. 



CONVERSATION XV. 

Of the Wind%. 

Yon know, my dear childreiit what the wind is P 
C. You told a8> a few days ago, that yoa should prove it was 
only the air in motion. 

F. I can show you in miniature, that air in motion will prodooe 

eflfects similar to those produced hy ,'i vif)lciit wind. 

I place this little mill under the receiver of the air-pump in such 
a manner, that the air, when re-enterin?, may catch the vanes. I 
>vill exhaust the air j now observe what happens when the stop- 
cock is opened. 

E. The vanes turn round with an incredihle velocitv; much 
swifter than ever I saw the vanes of a real wind miU. l3ut what 
puts tiie air in motion, so as to cause the wind ? I mean in the 
aetiial ease of the wind. 

JP. There are, probably, many conspiring causes to prodnce the 
effect. The principal one seems to be heat commnniCTted by the 
sun. 

C. Does heat poduoe wind ? 

F. Heat, you know, expands all bodies, consequently it rarefies 
the air, and makes it licrhtor. Jiut you have seen that the lighter 
fluids ascend, and thereby leave a partial vacuum, towards which 
the surroinulinii; heavier air presses, with a gi-eater or less quan- 
tity of motion, accordinf^ to the degree of rarefaction or of heat 
which produces it. The air of this room, by means of the lire, is 
much warmer than that in the pjissage. 

E. Has tiiat in the passage a tendency into the parlour P 

F, Take this lighted wax taper and hold it at the bottom of the 
door. 

C, The wind blows the flame violently into the room. 
F. Hold it now at the top of the door. 
C. The flame rashes outwards there. 

F. This simple experiment deserves your attention. The heat 
of the room rarefies the air, and the lighter partides ascending, a 
partial vacuum is made at the lower part of the room ; to supply 
the deficiency, the dense outward air rushes in, while the lignter 
particles, as they ascend^ produce a ourreat at the top of the door 
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out of the room. If you hold the taper about the middle space, 
between the bottom and top, you will find apart in which tlie flame 
is pert'cctly still, having no tendeney either inwards or outwards. 

The smoke-jack^ so common in the chimneys of larp^e kitchens, 
consists of a set of vanes, something like those of a windmill or 
ventilator, fixed to wheelwork, which are put in motion by the 
current of air up the chimnej, produoed by the heat of the ftre, 
and of course tne force of the jack depenoB on the strength of 
the fire, and not npon the quantd^ of 8moke» as the name of the 
machine would lead you to suppose. 

E. AVoidd you denne the wmd as a current of air P 

F. That is a very proper definition ; and its direction is denomi- 
nated from that quarter from which it blows. 

C. When the wind blows from the north or south, do you say 
it is in the former ease a north-wind, and in the latter a soutL-wiud? 

F. We do. The w inds are freiierally considered as of three 
kinds independently (jf the names wliich they take from the points 
of the comna.ss from which they blow. These are the consiant, or 
those whieli always blow in the same direction; the periodical^ or 
those which blow six months in one direction, antl six in a con- 
trary direction; and the variMe, which appear to be subject to 
no general rules. 

M. Is there anyplace where the wind always blows in one direc- 
tion oidv ? 

F. This happens to a very large part of the earth; to all that 
extensive tract that lies between 28 or 30 d^prees uorUi and south 

of the equator. 

C. What is the cause of this ? 

F. If you examine the .trlobe, you will see that the ai)parent 
course of the sun is from east to west, and that it is always vertical 
to some part of tliis tract of our globe; and, since the wind follows 
the sun, it must, of necessity, blow in one direction constantly. 

E. And is that due east ? 

F» It is so only at the equator : for on t he north of tliis line the 
wind declines a Uttie to the north point of the compass ; on the 
south side, the wind will be'southerly. 

C. The greater part of this tract tit the globe is water; and I 
have heard you 8ay» that transparent media do noi receive heat 
from the sun. 

1^. The greater part is certainly water ; but the proportion of 
land is not small ; almost the whole continent of Alrica, a great 
part of Arabia, Persia, the East Indies, and China, besides the 

whole nearly of New ITolland, aiid numerous islands in the Indian 
and Pacific Oceans ; ami, in the western hemisphere, by far the 
greater part of South America^ New Spain* and the West Indian 
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islands, come within the limits of 30 defers north and south of 
the equator. These amazingly large tracts of land imbibe the heat, 
by which the surrounding air is rarefied, and thus the wind be- 
comes constant, or blows in one direction. 

Yon will also remember, that neither the sea nor the atmosphere 
is so perfectly transparent as to transmit all the rays of the solar 
light ; many are stopped in their pass^e, by which both the sea 
and air are warmed to a considerable ctegree. These constant or 
general winds are nsualbr called ^rwCMmH^r. 

JSr. In what part of the globe do the perMieal winds prevailF 

F, They prevail in several parts of the Eastern and Soutten 
Oceana* ana evidently depend on the ann; for when the apparent 
motion of that body la north of the equator, that is, from the end 
of March to the same period in September, the wind sets in firom 
the south-west ; and the remainder of the year, while the sun is 
south of the equator, the wind blows from the north-east. These 
are called the monsoons, or shifting trade-winds, and are of con- 
siderable importance to those who make voyages to the East Indies. 

C. Do these changes take place suddenly r 

F. No ; some days before and after the change there are calms, 
variable winds, and frequently the most violent stonns. 

On the greater part of the coasts situated between the tropics, 
the wind blowa towaida the diore in ^ daytime, md towuds the 
sea by night. These winds are called sea and land breeaea ; th^ 
wee affected by moimtaina* the coarse of liyen, tide, ftc 

R Is it the heat of the aun by day that raveiea the air over the 
land, and thus causes the wind P 

F. It is : the following easy experiment will illustrate the subject. 

In the middle of a large dish of cold water put a water-plate 
filled with hot water : the former rrpresonts the ocean, the latter 
the land, rarefying the air over it. Hold a lighted candle over the 
cold water, and blow it out ; the smoke, you see, moves towards 
the plate. Ileverse the experiment, by filUng the outer vessel 
with warm water, and the plate with cold, the smoke will move 
from the plate to the dish. 

C. In this country there is no regularity in the direction of the 
winds ; sometimea the easterly winiu prevail for several days toge- 
ther, at other timea I have noticed!^ the wind blowing nom idl 
qnurtera of the compaas two or three tim» in the aame day. 

F, The variableness of the wind in tins island depends probably 
on a vaxiely cf caoaea; for whatever destroys the equilibrium in 
the atmoaphm^ prodaces a greater or leaa conrent of wind towaidi 
tiie place where Vie rarefaction exists. 

C. Is there any method of ascertaining the velocity of the windf 

F* Xes : seveial maohines have been invented for the poipoae. 
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Bui Br. Durham, by means of the flight of small downy featheniy 

contrived to measure the velocity of the great storm which hap- 
pened in the year 1705, and he found that the wind moved 33 
feet in half a second, that is, at the rate of 45 miiea per hoar ; and it 
lias been proved that the force of such a wind is equal to the per- 
pendicular force of 10 poimds avoirdupois weight on every square 
foot. Now if you consider the surface which a large tree, with 
all its branches and leaves, presents to the wind, and the great 
length of lever at which the forces act, you will not be surprised 
that, in great storms, some of them should be torn up by the roots. 

E. is the velocity of 45 miles an hour supposed to be the 
greatest velocity of the wind ? 

F. Dr. Deifaam thought the greatest veketty to be aboat 60 
miles per honr; bat we have no doabt that tbs velooity is often 
oonsidorabhr ffre«ter. Lonardi and Ganierin were caniea in their 
respective balloons at the rate of 70 miles an honr, and not in the 
time of a violent storm. We have tables calculated to show the 
firce of the wind at all velocities from 1 to 100 miles per hour. 

C. Does the force bear any general proportion to the velocity? 
. jP. Yes, it docs; the force mcreases as U\q square of the velocity. 
^ JK, Do you mean, that if on a piece of Doard, exposed to a 

fiven wind, there is a pressure equal to 1 pound, and the same 
oard be exposed to another wind of double velocity, the pressure 
will be in this case 4 times greater than it was before P 

F, That is the rule. The following short table, selected from a 
larger one out of Dr. Hutton's Dictionary, will £bL the rule and 
£m»s in your niemoiy. 

TABLE. 



Velocity of the 



5 

10 
20 
40 
80 



Perpendiculnr forcu 
on 1 «<)uare foot in 



•123 
•492 
1-968 
7-872 
31-488 



wiad. 



Gentle pleasant wind. 

Brisk gale. 
Very brisk. 
High wind. 
A hurricane. 



E, Did we not see an iustnunent for measuring wind at the 
Polytechnic, papa ? 

F. Yes, dear ; it was Osier's anemometer: it not only measures 
the pressure and direction of the wind, but it writes them down 
in pendL The vane' on the top of the building presents a square 
plase to the wind; this plate is mounted on certam springs, which 
are more or less pressed upon, as tiie wind is ha^^ or not. The 
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rate of pressure is communicated to a rod, which passes down in 
the interior of the building, and carries a pencil pomt : this point 
varies its position, according as the pressure varies ; and a sheet 
of paper divided into hours passes by means of clockwork beneath 
the pencil, and receives the record. A similar jpencil point, con- 
nected with the itme, registers the change of wind. 

C. Bat that ia auielj not Osier's anemometer on the Bojal 
Exchange F 

F. m ; it is Whewell'a : it rmsters the veiodty of the wind; 
you observe the fly rotating ; of course it moves i^ter as the 
wind is higher, and the r^;istered result varies aooordinglj. 

Note. — Mr. Brice discovered, from observations on tlie clouds, 
or their shadows moviiii:^ on the surt'ftce of the eartli, tliat the ve- 
locity of wind in a storm was nearly 68 miles in an hour, 21 miles 
in a ifresh gale, and nearly 10 miles in a breeze. These, however, 
are not very accurate estimates. 



CONVERSATION XVL 

Q/' the Steam-Engme. 

To whcmi is the worid indebted for the steam-enffine P 

.Fl It is difficult, if not impossible, to ascertain wno was the 
inventor. The Marquis of Worcester described the principle in 
a sm^ work» entitled ' A Century of Inventions,' whicn was pub- 
lished in the year 1663, and was reprinted a few yean since in the 
second volume of Dr. Gre,!:,a)ry's * Mechanics/ 

E. Did the marquis construct one of these engines ? 

F. No ; the invention seems to have been neglected for several 
years, when Ca))tain Thomas Saver^, after a variety of experi- 
ments, brought it to some degree ot perfection, by which he was 
able to raise water, in snudl quantities, to a moderate height. 

C. Did he take the invention from the Maiquis of Worcester's 
bookP 

F, Br. DesagoUers, who, in the middle of the last centmry, en- 
tered at lar^ into the discussion, maintains that Captain Savery 
was wholly mdebted to the marqnis, and, to conceal the piracy, he 
charges him with having purchased all the books which contained 
the discovery, and burned them. Captain Savery, however, de- 
clared that he was led to the discovery by the following accident: 
" Having drunk a flfisk of Florence wme at a tavern, and tlirown 
the llask on the tire, he perceived that the few flro])s in it were 
converted into steam; this induced him to snatch it irom the fire, 
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ftiid i^limge its neck into a basin of water, which, bj the atmo- 
spheric pressure, was driven quickly into the bottle." 

E, This was something: like an experiment which I have often 
seen at the tea-table. If I pour half a cup of water into the 

sancer, then hold a piece of ligiited paper in tfie cup a few seconds, 
and when the cup is pretty wann, phnig'c it witli the mouth down- 
wards into the saucer, tlie wuter ahuo^jt instantly disappears. 

F. In both cases the priiiei])lc is exactly the same: the heat of 
the burnin<; paper converts the water that hung about the cup 
into steam, but steam, being much lighter than air, expels the air 
from the cup, which being jilunged into the water, the steam is 
quickly condensed, and a pai tial vacuum is made in the cup ; con- 
sequently the pressure of the atmosphere upon the water in the 
saucer forces it into the cup, lust in the same numner as the water 
follows the yacuum made in tne pump. 

C, Is steam, then, used for the puipose of tnaUng a vacuum, 
instc<ad of a piston ? 

F. Just so : and Dr.Darwin ascribes to Captain Saveiythe honour 
of being the first person who applied it to the puipoee of raising 
water; 



Anil cnll'd drlig-littMi Savkhy to ynui aid, 
BHd«" round tlir youth Kxplosivk sik\m nspir** 
Id Knthci iii^r rUmds, nnd wiiig'M th<- wkxi- wiili fiv^\ 
Bmok with cold Ktrrniiia the quick «'xpaiiiiiuu »tu}>, 
Aud sunk th' imm«*n>e of vnpour to ii drop. 
Pre»a'd Mritb the poud'rou* air the (fiaton full* 
Rcsittlean, aliding' tbroug^h its iron tRrnlla; 
Qiiiek moves Uw balAuccd beam, of ^aat birth, 
Wi«ld* hit Ittrir* Ifmbc, and nodding ihakM th* earth. ' 



E. I remember the lines very well: will you describe the engine. 



engines, ^ritfioat entering into all the minutis of the seyeral parts. 

A is a section of the Doiler, about half full of water, standing 
over a fire : b is the steam-pipe which conveys the steam from the 
boiler to the cylinder c, in which the piston i>, made air-tight, 
works Up and down ; a and c are the steam-valves, through which 
the steam enters into the cylinder; it is admitted through a when 
it is to force the piston downwards, and through e when it presses 
it upwards : d and d are the eduction valves, through which the 
steam passes from the cylinder into the condenser e, which is a 
separate vessel placed in a cisteni of cold water, and which has a 
jet of cold water contuiually playing up in the inside of it: y is the 
aii'-punip, which extracts the air ;uui water from the condenser. 
It is worked by llic great beam or lever R s, and the water taken 
from the condenser, and thrown into the hot well ff, is pumjpcd up 
again by means of the pump y, and earned back into tl^ boiler by 
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the }»ipc i i: k is another pump, like^rise worked by the engiue 
itself, whieh supplies the cistern, iu which the condenser is fixed, 
with water. 

C. Are all three pumps, as well as the piston, worked by the 
action of the great beam ? 

F. They are : and you see the piston-rod is fastened to the 
beam by inflexible bars; but, that the stroke might be perpen- 
dicular, Mr. Watt invented the machinery called the parallel joint, 
the construction of whicli will be easily understood from the l%ure. 

E. How are the valves opened and sliut ? 

F. Long levers o and p are attached to them, which are moved 
up and down by the piston-rod of the air-pump e f. In order to 
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oommtmicate a rotatory motion to any machinery by the motions of 
the heam, Mr. Watt made use of a lartro fly-whccl x, on the axis 
of which is a small concentric toothed wiiecl ii ; a similar toothed 
wheel I is fastened to a rod t coming from the end of the beam, so 
that it cannot turn on its axis^ but must rise aud fiaLi with the 
motion of the great beam. 

A bar of iron connects the centres of the two small toothed 
'wheels ; when, therefore, the beam raises the wheel i, it must 
moveionnd the faxawBoiaxm of the wheel h» and with it tun the 
fly-wheel x; wMoh will make two levdntiona while the whed i 
goes loimd it once. These are called the sua and pboiet wheels; 
u, like the sun, turns only on its aids, while i lerolTes ahont it as 
the planets revolve round the sun. 

if to the centre of the fly-wheel any machinery were fixed, the 
motion of the great beam B, s would keep it in constant work. 

C. Will you describe the operation of tlic rnn^inc ? 

F. Suppose the piston at tlie top of the cvlindcr, as it is repre- 
sented iu the plate, and the lower part of the cylinder liUed with 
steam. By means of the puiiii)-rod e f, the steam valve a and the 
eduction valve d vnW be o])eiied together, the branches from them 
being connected at o. There being now a coiniiuinication at d 
between the cylinder and condeuser, the steam is forced from the 
former into we latter, leaymg the lowest part of the cylinder 
empty, while the steam from the boiler entering by the valve a 
presses npon the piston, and forces it down. As soon s 
as the piston has arrived at the bottom, the steam 
valve c and the eduction valve b are opened, while 
those at a and d are shut ; the steam, tnerefore, im- 
mediately rushes through the eduction valve 6 into the 
condenser, while the piston is forced up again by the 
steam which is now admitted by the valve r. 

Hence, you observe, that the steam is condensed in 
a s(^i)arate vessel, for the purpose of forming? a vacuum 
under the piston; the force ol steam is also introduced 
above the piston to depress it, an operation that was 
formerly done by the pressure of the atmosphere. 

Meditate upon what we have now said, snd ere long I hope we 
shall be able to pnrsoe the subject. 




CONVERSATION XVI. 

0/ the Sicam-KtKjme. 

C. I do not understand how the two sets of valves act, which 
you described yesterday as the steam and eduction vaivej*. 
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F. If yoa look to Fig. 27 there is a different view of this pari 
pf the macliine, unconnected witli tlie rest : s is part of the pipe 
whicli hrincTs the steam from tlie hoih^r, and a represents the valve 
which, b(-in<,' opened, admits the steam into the upper part of the 
cyliudtT, i'orc'ini^ down the piston. 

E. Is not the valve cl opened at tlie same time? 

It is; and then the steam which was under the piston is 
forced through into the condenser e. When the piston aiTives at 
the bottom, the other pair of valves are openea, viz. e and b; 
through e the steam nusea the piston, and through b the steam, 
which pressed the piston down oefore, is driven out into the pipe 
r, leadm^ to the condenser; in this tiiere is a jet of oold water 
oonstantlj pkying up, and tilierehj the steam is mstantly redneed 
into the state of watir. 

C. Tlien the condenser e (see the figure at p. 242) will soon be 
full of water. 

F. It would if it were not connected by the pipe z with the 
pump f ; and every time the ^'cat beam r s is brought down, the 
plunger, at the bottom of the piston-rod £ descends to the 
bottom of the pump. 

F. Is there a valve in the plunger ? 

F. Yes, wliich opens upwards ; consequently, all the water which 
runs out of the condenser into the pump will escape through the 
valve, and be at the ton of the plunger, and the valve not admit- 
ting it to return, it will, bv the ascent of the dstoprod into the 
situation shown in the plate, be driven througti n into the cis- 
tern of hot water, from which, owing to a valve, it cannot return. 

C. And I see the same motion of the great beam puts the pump 
y into action, and brings over the hot water from the cistern 
tlirough the pipe % i into the little cistern v, which supplies the 
boiler. 

E. If the pump k brings in, by the same motion, the water from 
the well w, do not the hot and cold water intermix ? 

F. No! if you look carefully in the figure, you will observe a 
strong partition v, which separates the one from the other. Be- 
sides, vou may perceive that the hot water does not stand at so high 
a level as the cold, which is a sufficient proof that they do not 
communicate. Indeed, the operation of the engine would be 
greatly injured, if not whollv stopped, if the hot water communi- 
cated witn the oold ; as in t nat ease the water, bemg at a medium 
heat, would be too wann to condense the steam in tf, and too cold 
to be admitted into the boiler without checking the {ffoductum ol 
the steam. 

C. Tliere are some parts of the apparatus belonging to the 
boiler which you have not yet explained. What is iS» reason 
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tliat llie pipe q, which conveys the water from the cistern v to the 
boiler, is turned up at the lower end ? 

F. If it wore not bent in that manner, tlie steam that is jjtMie- 
rated at the bottom of the boiler wouKl ri.sc into the pipe, and in a 
great measure prevent the descent of the water through it. 

In this position I see clejirly no steam can enter the pipe, 
because steam, being much lighter than water, mast rise to the 
snrfaoey and cannot possibly smk through the bended part of the 
tube. What does i» represent? 

It represents a stone suspended on a wire, wliich is shown 
by the dotted line : this stone is nicely balanced by means of a 
lever, to the other end of which is another wire, connected with a 
valve at the top of the pipe q, that goes down from the cistern. 

C' Is the stone so balanced as to keep the valve sufficiently open 
to admit a proper quantity of water ? 

F. It is represented by the ligure in that situation. By a prhi- 
ciple in hydrostatics,* with which you are acfpiainted, the stone is 
partly supported by tlie water : if then, by increasing tlie fire, too 
great an evaporation take place, and the water in the boiler sink 
below its proper level, the stone also must sink, which will cause 
the valve to open wider, and let that from the cistern oome in 
fiEister. If, on the otiier hand, the evaporation be less thui it 
ought to be, the water ^viU have a tendency to rise in the boiler ; 
and with ^t tihe stone mnst rise, and the valve will, consequently, 
let the water in with less velocity. By this neat contrivance, the 
water in the boiler is always kept at one level. 

E. AVTiat are the pipes t and u for ? 

F, They are seldom used, but are intended to sliow tlie exact 
height of the water in the boiler. The one at / reaches very nearly 
to the surface of the water when it is at the j)roper height : that at 
11 enters a little below the surface. If then the water be at its 
proper height, and the cocks t and u be openotl, stcnm will issue 
from the foniier^ and water from the latter. 15ut if the water be 
too highi it will rush out at t instead of steam \ if too low, the 
steam wUl issue out at ii^ instead of water. 

C, Suppose things to be represented as in the ]jlate, why will 
the .water rush out of the cock « if it beopened ? it wUl not rise 
above its level. 

True : but you forget that there is a constant pressure of 
tiie steam on the surface of l^e water in the boiler which tends 
to raise the water in the pipe u. This pressure would force the 
water through the pipe, as in an artiiioial fountain. See Gonver* 
sation VIII. 

jSl You said Captain Savery was the inventor of the steam-cngine. 

• 8«r« HydrMtatlei, Coavtvcatioct XI. 
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F. ffis nmntioii went merely to nising water from pits and 
mines. Bat in its nresent imnroyed state, the steam-engine is 
applied to a thonaand nsefiil ana imiK)rtant purposes. 

C. The steam-engines used on xaihrays are very different from 

this. 

F. Yes, they arc ; they are termed high pressure ; because the 

pressure of the steam is raised to two, or three, or more atmo- 
spheres on either side of the piston. Instead of condensing the 
steam, when it has done its duty, it is allowed to escape : on which 
account it is that you see the larErc volume of steam issumg from 
these engines as ilicy go along ; and ;is such an immense quantity 
of water is constantly given off in the form of steam, they arc 
obliged at certain stages to take in more. Of course, the heat 
consumed in producing the steam is not gained back again, as it 
partially is in the oondenaing-engine. 



CONVDHSATION XVIU. • 

Of ike SUam-Bngkie, and Fa/pidM Differier. 

C. We have seen the structure of the steam-engine and its 
mode of operation ; but you liave not told us the uses to which it 
is applied. 

F, The application of this power was at first wholly devoted to 
the raisinj^ of water, either from the mines, which oonld not be 
worked without such aid, or to the throwing it to some immense 
reservoir, for the purpose of supplying witii this useful article 
places which are higher than the^ natural level of the stream. 

E. Is it to this that Dr. Darwin alludes in the lines, 

Hm Urb !■ air the rising* stream he pours 
To elay-Dullt eistems, or to lend-liaed towers; 
Fresh throug-h n thousnnd pipes the wave distilty 

Aud thirsty cities driuk th' exuberant rills? 

F. It is ; and you might have repeated the whole passage, iii 
which the steam-engine, represented as a giant-power, is supposed 
applicable to the bringing up of the coals and other ore from the 
mine, and to the working oi the bellows at the furnace in which 
the ore is melted, 

Fan ths white flame, and fnse the sparltlingr ore. 

The author refers also to the application of this engine to various 
other purposes, such as the working of mills, the thresliing of com, 
and coining. In making the copper money now in use, the late 
ingenious Mr. 13oulton contrived, by a single operation of the 
steam-engine, to roll the cojpper out to a proper thickness, to cut 
it into dreular pieces, and to make the fooea and the edge. 
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E. I uui bui'C papa has not told us all the applientiomi of btcaiu ? 
No, dear girl ; for indeed this would oe no easy task ; it 

would be a far less difficult matter to tell vouwhat it is not applied 
to. I can scarcely look round on anjtmug about me which is 
not more or less indebted to tiiis woncuons power of elasticity of 
vapour. Let us take only one more example-Hmiboad locomo- 
ti(m. A vessel of boiling water over a eood fire flies away with a 
dosen or more carriages, each freighted with a score of human 
souls, and wliisks them from east to west, from north to south, at 
the rate of 40, 50, GO, and more miles per hour. And tlie same 
power, iu defiance of wind and wave, moves mighty ships even 
across the pathless and wide Atlantic. 

C. I do not wonder, then, that Dr. Darwin should anticipate 
the still farther extension of this useful power : 

Somi shall Af •nn, (mewifiwr'ir itmm. afhir 
Dray the ftleir bargv, or drivt ths rnpid mr ; 

Or on widf wn%-iiifr ivinps expauded benr 
The flying chariot thronrh ihe fields of air. 
Fair crrw* triumphnnt, lenuing^ from nhovi*, 
Shall wi»ve their flutt'rintr kerchifts n« they mort, 
Or irarrior-bnnda uliwm il.i- p-npin^- crowd, 
An4 armies shriak beneath the ebadowy cloud. 

B. Whj does Dr. Darwin, in the passage you quoted tiie other 
day, call it exphmeiieamf 

F, frmn a great variety of accidents thafc have happened through 
careless people, it appears that the expansive force of steam, 
suddenly raised, is much stroncrer than even that of gunpowder. 
At tlie cannon foundry in Mooriields, some years ago, hot metal 
was poured into a moiUd that accidentally contained a small quan- 
tity of water, which was instantly converted into steam, and 
caused an exi)iosion that blew the foundry to pieces. A similar 
accident hap})ened at a foundry in Newcastle, which occurred from 
a little water liaving insinuated itself into a hollow brass ball that 
was thrown into the melting pot. 

C, These &cts bring to my mind a eiroumilaiiOB that I have 
often heard you relate, as coming within your knowledge. 

F, You do well to remind me of it. The fact is worai record- 
ing. A nobleman, who was carrying on a long series of experi- 
ments, wished to ascertam the strength of a oopper vessel, and 
gave orders to his workmen for the purnose. The vessel, how- 
ever, burst unexpectedly, and, in the explosion, it beat down the 
brick wall of the building in which it was placed, and was, by the 
force of the steam, carried 15 or 20 yards from it ; several of the 
bricks were thrown 70 yards from the spot ; a leaden pipe, sus- 
pended from an adjoining building, was bent into a right angle ; 
and several of the men were so dreadfully bruised or scalded, 
that for many weeks they were unable to stir from their beds. A 
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very inteUigent person, onfi of the sufferers, who coudacted the 
experiment, assored me that he had not the smallest reeollection 
how the accident happened, or by what means he got to his bed-' 

room after the explosion. 
E, Is it by the force of steam that bones are dissol \ ( d in Papin's 

Digester, wliich you promised to descrioe ?♦ ' 

F. No; that operation is performed by 
the great heat j)r()(lnrrd in Ihc digester. 
Tliis is a representation of one of these i 
maeliines. It is a strong metal pot, at least 
an ineh thiek in every part ; the top is i 
serewcd do'sni, so that no steam can escape 
but through tlie valve v. I 
C. What kind of a valve is it P 
nr sk JP*. It is a conical niece of brass, made to 

fit very accurately, but easily movable bv tne stoun ol the wator 
when it boib ; consequently, in its simple state, the heat of tiie 
water will never be much ^eater than that of boiling water in an 
open vessel. A steelyard is therefore fitted to it, and, by moving 
the wei^t w backrards or forwards, the steam will have a leaser 
or greater pressure to overcome. 

E. Is the heat increased by eonfining tlie steam ? 

You have seen that, in an exhausted receiver, water not 
]iear so hot as the boiling point will have eveiT appearance of * 
ebuHitiou. It is tlie pressure of the atmosplicre that causes the 
heat of boiling water to be f^reater in an open vessel than in one 
from which the air is exhausted. In a vessel exposed to con- 
densed air, the heat required to make the water boil would be still 
greater. Now, by coiiiiuing the steam, the pressure may be in- 
creased to any given degree. If, for instance, a force equal to 14 
or 15 pounds be put on the valve, the pressure upon the water 
will be douUe that produced b v the atmosphere, and of course the 
heat of the water will be greatly increased. 

C. Is there no danger to be apprehended from the bursting ol 
the vessel ? 

F. If care be taken so as not to load this valve too much, the 
danger is not veiy great. Hut in experiments made to ascertain 
the strength of any particular vessel, the utmost precaution must 
be taken. 

Under the direction of Mr. Papin, the original inventor, the 
bottom of a digester was torn off with a wonderful cx})losion ; the 
blast of the expanded water blew all the coals out of the fire- 
place, the remainder of the vessel was hurled across the room, and 
striking the leaf of an oaken table an inch thick, broke it in 

* See Mecbauio, CoarerMtion III. 
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pieces. The least siiru of water could not be discerned, and every 
coal Mas extiiir^uisht'd in a niomciit. 

E, You tell us that watrr, and of course the stcniii with it, 
when under a hi^di pressure is hottt-r tlian ordinary boiliiiLC water; 
now, how can tliis l)e ? for Mar}^ scalded her arm dreadfully by 
carelessly allowing the steam of the kettle to touch it, and yet 1 
saw the assistant at the Polytechnic put his hand into the jet 
issuing hom the powerful steam bdler. He said, it was cool 
ratiier than wam; I must say, I hardly bdieved him. 

F, He spoke the trath, nevertheless : for what think you is the 
first thii» the steam does on eetting out of the orifice ; of course, 
it expancb. Now you rememt)er my having proved to yon tiiat 
bodies expanding take in heat ; this is the case with high-pressure 
steam ; it expanas so greatly and so quickly, that it has not time, 
as it were, to acquire heat from the immensr rrr*e])taele it luis just 
left, and, therefore, abstniets it from anything it gets near ; but 
when it has expanded to the full, as at a greater distance £rom the 
jet, the heat is distributed, and then it would scald. 



CONVERSATION XIX. 

0/ the Barometer, 

F, I shall proceed wHh an aoooont of the barometer, which, 
with the thermometer, is to be fonnd in ahnost eveiy hoose. I 
will show you how the barometer is made, withont any regard to 
the frame to which it is attached. ^ |a| 

A B is a glaM tabe, about 33 or 34 inches long, closed ' 
at top ; that is, in philosophical language, hermetically In 
sealed ; d is a cup, basin, or woodm trough, partly filled HI 
with quicksilver. I fdl the tube with tlie quicKsilver, and l|| 
then put my finger upon the mouth, so as to prevent any 11 
of it from running out ; I now invert the tube, and plunge \ I 
it in the cup i). You see the mercury subsides three or j I 
four inches; and when the tube is lixed to a graduated « 1 1 
frame, it is called a barometer, or weather-glass ; and you 
know it is oonsnlted by those who study and attend to the 
changes of the weather. H^!^. 

E. Why does not all the qnieksilwran ontof the tube ? 

F, Do you not recollect that mercury is 14 times heavier than 
water? therefore, if the pressure of the atmosphere will balance, 
as we have seen, 34 feet of water, it ought, on the same prin* 
ciple, to balance only a 14th part of that weight of menmry ; now 
divide 34 feet, or 408 inches^ by 14. 
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E. The quotient is little more than 29 inches. 

F. By this method TornceUi was led to coustroct the baro- 
meter. 

It has been accidentally discovered that water could not be 
raised more than about 34: feet in the pump. Torricelli, on this, 
suspected that the pressure of the atmosphere was the cause of 
the aaoent of water m the TBcanm made in pumps, and that a 
eolnmn of water 84 feet lii^h was an exact counterpoise to a 
ooliinm of air which extended to the toj) of the atmosphere. Ex- 
periments soon confirmed the tmth of his conjectures. He then 
thought that, if 34; feet of water were a connteipoise to the 
pressure of tiie atmosphere, a column of mercury shorter than 
34 feet, in proportion as mercury is heavier than water, would 
likewise sustain the pressure of the atmosphere; he obtained a 
glass tul)e for the purpose, and found his rcasonino^ just. 

C. Did he apply it to the purpose of a weather-glass ? 

F. No ; it was not till some time after this that the pressure 
of the air AViis known to vary at different times in the same place. 
As soon as that was discovered, the a})plication of the Torricellian 
tube to predicting the changes of the weather immediately sue- 
Goeded* 

C. A barometer, then, is an instrument used for measoxiDg the 
weight or pressure of the atmosphere. 

F. That is the jmncipal use of the barometer ; if the air be 
den^e, the mercury rises m the tube, and indicates fisir weather ; 

if it become the mercQiy falls, and presages rain, snow, &c.* 
The height of the mercury in the tube is called the standard 

alHtur7e,v,'mrh, ill stations of moderate height in 1his country, 
fluctuates between 28 and 31 inches, and the difference between 
the greatest and least altitudes is called the scale of variation. 

K Is the fluctuation of the mercury different in other parts of 
the world ? 

F. Witliin and near the tropics, there is Kttle or no variation 
in the height of the mercury m the barometer in all weathers ; 
this Is the case at St. Hdena. At Jamaica, the variation yery 
rarely exceeds three tent^ of an indi ; at Naples it is about one 
inch ; whereas, in England it is nearly three indies^ and at Peters- 
burgh it is as much as 3} inches. 

C. The scale of variation is the silvered plate, which is divided 
into inches and tentiis of an inch : but what do yon call the mov- 
able index ? 

F. It is called a vernier, from the inventor's name, and the use 
of it is to show the fluctuation of the mercury to the hundredth 
part of an inch. The scale of inches is placed on the right side 
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of the barometer tube, the be^^inning of the scale bein^ the sur- 
face of the mercury in the basin : the Yrniier plate and index are 
movable, so that the index may, at au^ iimey be set to the upper 
surface of the column of mercurv. 

E. I have often seen you move the index, but I am still at a loss 
to conceive how you divide the inch into hun(h'cdth parts by it. 

F, The barometer plate is tli\ ided into tenths ; the length of 
the vernier is eleven tenths, but divided into ten equal parts. 

C. Then each of the ten parts is eq[iial to a tenth of an indi, 
and a tenth put of a tenth. 

F, Tme : bat the t^th part of a tenth is eq^ual to a hundredth 
part, for vou remember, that to divide a fraction by any number 
IS to multiply the denominator of the fraction by the numbinv 
thus ^ divided by 10 = 7^. 

Suppose the index of the vernier to coincide exactly ^th one 
of the divisions of the scale of variation, as 29*3. 

E, Then there is no difficidty ; the height of the barometer is 
said to be 29 inches and three tenths. 

F, Perhaps, in the course of a few hours, you observe that the 
mercury has risen a very little ; what will you do ? 

E, I will raise the vernier even with the mercur)'. 

And jon find the index so much higher than the division 
3 on the scale as to bring the figure 1 on tMTeEnifir even with the 
second tenth on the scale. 

E. Then the whole height is 29 inches 2 tenths, and one of the 
divisions on the vernier ; which is equal to a tenth and a hundredth ; 
that is, the height of the meroniy is 29 inches^ 3 tenths, and 1 
hundredth, or 29-31. 

F. If figure 2 on the vernier stand even with a division on the 
scale, how should you call the height of the mercury ? 

E. Besides the number of tenths, I must add 2 hundredths, 
because each division of the vernier contains a tenth and a hun- 
dredth : therefore I say the barometer stands 
at 29-82 : that is, 29 inches, 3 tenths, and 2 * 
hundredths. 

F, Here is a representation a c of the upper 

Sjrt of a barometer tube; the upper SQi&ce of • 
e quicksilTer stands between ▲ imd o : bxm 
5 to ^ is part of the scale of variation : 1 to 10 
is the vernier, equal in length to {}ths of an 
inch, but divided into 10 equal parts. In the 
present pontioa ^ the mercury, the fi^^ 4 
on the vernier coincides exactly with a line on 
the scale; and iinding the index stimd between Fir so. 
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the Gth and 7t1i divisions on the scale, I therefore read the height 
29"64' : that is, 29 inches, 6 tenths, and 4 hundredths. 

C. T now understand the prinriplo of tho barometer, but I want 
a cruido to teach me liow to predict the e}iaiia"('s of the weather, 
which the rising and fallin": of the mcrcurv presage. 

F. I will give you rules for this purpose iu a few days.* Before 
we meet again, you may eonnnit to your memory some lines 
beautifully deseriptive of this instrument, and which include a 
just compliment to the memory of Torricelli and Boyle, both of 
whom are oele1»ated for their discoveries in this |Nirt of scieiice : 

You chnrm'd, indulg-ent SVLrns! their lenrtiod toil, 

AikI crown'd with fnrn^ your ToRKiCELl. niid BOYI.K; 

Tnug;ht with sweet smiles, rcspoa»i to tlieir piayery 

The 8|iriii(c nud prcasurp of the viewless tiir: 

How upexhnustrd tubes brif^ht rurreuts floW| 

Of liquid silrer from the litkc below ; 

W«i|fh the loBff eolvmn of th' iaeombent skitt, 

A»d with th« ehM|r«rvl tnoaciit fkll Md riM. Botanic Gauobh. 



CONVERSATION XX. 

0/ the Barometer f and its application to the measuring of Altitudes, 

C. In those lines jou gave us to leam, Dr. Darwin sajs, Wei^li 
the lona colnnm of th' incambent skies is the height of tne 
atmosnuerc known. 

" i". If the fluid air were shottilar to water, that is, everywliere of 
the same density, nothing would be easier than to eaieulate its 
height. When the barometer stands at 30 inches, the specific 
gravity of the atmosphere is SOO times less than that of water ;f 
but mercury is about I t- times heavier than water, eonscciuently 
the specific gravity of mercury is to that of air as 800 multiplied 
by 14 is to 1 ; or mercury is 11,200 times heavier than air. Li 
the ease before us, a column of mercury, 30 inches long, balances 
the whole weight of the atmosphere; therefore, if the air were 
equally dense at all heights to the top, its height must be 11,200 
times 30 inches ; that is, the column of air must be as many 
times lonffer than that of the mercury, as tibe fotmor is Hght^ 
than the latter. Do you nnderstand me P 

C. I think I do : 11,200 multipUed by 30 give 336^000 inches^ 
which are eqnal to 6i miles nearly. 

F. That would be the height of the atmosphere if it were 
equally dense in all parts; hut it is found that the air, by its 
elastic (juality, expands and contracts, and that at 3i miles aoove 
the suilaoe of the earth, it is twice as rare as it is at its suriiace; 
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that at 7 miles it is 4 times rarer ; at 10. i miles it is S times rarer ; 
at 14 miles it is 16 times rarer; and so on, according to the 
following 



TABLE. 



At the 
altitude of 



f 
lOi 

u 

17^ 
21 
24| 
28 



miles aboYe the 
surface of the 
earthy the air is 




times lighter 
than at the 
earth's surface. 



Now, if yoii were disposed to cany on the addition on one side, 
and the multiplieation on the other, you would find that, at 500 
miles abore the surfiEUse of the earth, a single cubical inch of such 
air as wc breathe would be so much rarefied as to fill a hollow 
sphere, equal in diameter to the vast orljit of the planet Saturn. 

E. Is it interred from this that the atmosphere does not reach 
to any very great height ? 

F. Certainly ; for you have seen that a quart of air at the 
earth's surface weighs but about llor 15 grains; and by carrying 
on the above table a few steps, you would perceive that the same 
quantity, only 49 miles high, would wei^h less than the 16 
tnousandtii part of 14 gnuns, consequent^ at that height its 
density must be next to nothing. From experiment and cakmlation 
it is geaenlly admitted, that tne atmosphere at the height of more 
than 46 or 50 miles above the earth's surface is not sufficiently 
dfflise to refract the ravs of li^lit ; and that, in popular language, 
is usually denominated, the height of the atmospnere. 

C. By comparing the state of the atmosphere at the bottom and 
at the top of a mountain, sliouldyou perceive a sensible diflercncc? 

F. We must not trust to our feelings on such occasions. The 
barometer will be a sure guide. I will not trouble you with cal- 
culations, but mention two or three facts, with the conclusions to 
be dra\^Ti from them. In ascending the Puy-de-l)ume, a very 
hi^h mountain in Trance, the quicksilver fell oi inches ; and the 
height of the mountain was found, by measurement, to be 3204 
feet. By a similar experiment upon Snowden, in Wales, the 
mubksilver was found to have fallen 3^ inches at the height of 
3720 feet aboye the surfiEMie of the earth. 

From these and many other observations it is inferred, that in 
ascending any lofty eminence, the mercury in the barometer will 
fall ^ of an inch for every 100 feet of perpendicular ascent. This 
number is not rigidly exact, but sufficiently so for common pur- 
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poses, and it will be easily remembered. The three friUowing ob- 
serva^ons were taken by Dr. Nettletou near the town of Halifax : 

PvrpMdieaUr altiMd* Lowest •Ution of Hirheat Btntioa «f niflUMitM. 

in feet. (h* BBrometer. UM Barometer. vtmxwuvm, 

102 29-78 29 06 012 

236 2950 29-32 0*27 

507 3000 29-45 0*55 

E. If I ascend a hij^h hill, and, takinj? a barometer with me, 
find the mercury has fjillcn 1^ inch, may 1 not conclude that the 
hill is 1500 feet perpendicular height ? 

F. No : that number is too large ; as you will find by employing 
this approximating rule : — M ike sum of ike heights of the daromirie 
eolumtu io iheir differenee^ io are 55,000 io ihe height required m 
feet. Now, suppose the heights of the mercury at tlie bottom 
and the top of the mountain respectively to be 30 and 28 i inches: 
it would be as 58i to li, so are 55,000 to the fourth term, 1410 
feet; and that would be the height nearly, if the thermometer 
stood at about 55 degrees. If not, a small correction would be 
necessary. 

Let me now ask you, are you aware how great a pressure you 
are continually sustaininc^ ? 

F. No; it never occurred to mc to speculate upon that. I feel 
no burden from it, therefore it cannot be very great. 

F. You sustain every moment a weight equal to many tons, 
which, if it were not balanced by the elastic force of the air within 
the hoAjt would emsh you to pieces. 

C, We might indeed hanre in^nrred that it was considerable, 
from the sensations that we felt when the aur was taken from 
under our hands. But how, sir, do you make out the assertion ? 

F* When the barometer stands at 29*5 the pressure of the air 
upon every square inch is more than equal to 14 pounds— call it 
14 pounds for the sake of even nnmoers — and the surface of 
a middle-sized man is 14| feet ; teU me now the weight he sus- 
tains. 

C. T must multiply 11 by the number of square inches in llj 
feet : now there are 144 inches in a square foot, consequently in 
14i feet there are 2088 square inches; therefore 14 pounds 
multiplied by 2088 will give 29,232, the number of pounds weight 
pressinij upon such a person. 

F. Inat is equal to about 18 tons ; now, if Emma redcons 
bmelf half onlv the size of a grown person, the pressure npon 
her will be equal t6 6) tons. 
E, What must the pressure upon the whole earth be ? 



F. This you may ouculate at your leisure; I will famiah you 
with the nue : 
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" Eind the diameter of the earth,* from which you will easily 

get the superficial measure in square inches, and this you must 
multiply by 14, and you may get the answer in pounds avoirdupois," 

The earth's surface contains about 200,000,000 scpiare miles, 
and as every square mile contains 27,876,400 square feet, there 
must be 5,575,280,000,000,000 square feet in the eartli's surface, 
which number multiplied by the pressure on each squai'e foot 
gives the whole weight of the atmosphere. 

C. This is truly enormous ! 

F. But tiie pressuxe being equal in all possible directioiis^ it has 
no effect in disturbing either the annual or dinmal motion of the 
earths 

C. What is the canse of the constant diange in the height of 

the barometer ? 

F. The fundamental cause is heat ; indeed so much so, that 
Professor Kaemtr compared the barometer to a differential ther- 
mometer. 

C. What is that, papa ? 

F. It is a glass tube bent somewhat like the letter U standing 
erect, and with a ljulb at eaeli end ; the tube contains a coloured 
liquid, w^hich, according to the laws of fluids, stands at the same 
height in each arm. But according as one or other bulb is made 
wanner the air in it expands, and the liquid no longer maintains 
the same level. 

t7. I see this plainly enough : but I cannot oonceiye the analogy 
between it and tne ba^meter. 

F, Yon have seen that when heat expands air, it rises and the 
denser air rushes into its place ; now suppose the barometer in 
London were at SO inches^ and London suddenly became yeiy cold, 
what woidd happen ? 

C. The air would condense and occupy less space, and the 
warmer air from the neighbourhood woula iiow in to M up the 
blank. 

F. Well ; and so the column of air over London would increase 
in quantity, and therefore in weight, and the barometer would rise. 
I3ut when you say warmer air woukl How in, this implies that it 
is warmer at that moment elsewhere than at London. So that 
when the barometer rises, it proves a difference of temperature 
between two places; although the second place be at a great 
distance. 

E, Why, papa, the barometer differs from every other in- 
strument ; for, as &r as I know, th^ teU you (miy what goes on 
where they are. 

C. And I can see too that our barometer would soon tell us if 

* Bm Attrottomj, CoBTtnatlon VII, not«, p. 80. 
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any ncighboiirini^ count rv became colder; for some of oui* air 
would flow away, wc should have less over us, and our barometer 
would lull. 

F, Yes ; and, as a general ni]e» irhea the thermometer goes up, 
the barometer goes down. 

E. But how are we to reconoQe this, with the fact that a 
M in the barometer is a goieral sign of rainP I ean imagine itto 

be a sign of wind. 

We cannot, dear girl, enter into this oomplex subject now ; 
but I can tell you enough to give you a tolerably clear idea of the 
subject. You remember my explanation of the of your seeing 
your breath in cold weather ; now, if a cold mass of air is just full of 
or, as it is termed, saturated with, moisture, it will not quite cause 
rain ; so also if a hot mass is similarly circumstanced, it will hold 
a greater quantity in pro])ortion of moisture, but not ca\ise rain ; 
if, h(j\vever, the two arc mixed, the resultant temperature will 
uot hold in solution the resultant moisture, and rain faUs. 

E. Then this is why it ahnost always rains when a cold wind 
follows warm fine weather. 

F, Yes ; and when the wind has prevailed for a time all the 
rain falls, and the weather becomes fine. Did you ever notice in 
fine summer weather that the morning may be clear ; during the 
day floatmg clouds appear, and toward sunset they depart ? 

y E. Oh, yes, papa ; and are not blown away, they dissolve awi^. 

F. Yes, this is actually the case : for the heat of the sun causes 
the moisture of the eart h to rise ; but when it reaches the cold 
upper recrions, it is condensed into clouds ; as the heat decreases 
these clouds become more condensed and heavy, and they descend, 
lint on reachinf^ the warmer lower ref,nons, which are uot nearly 
full of moisture, they dii>solve and disappear. 



CONVERSATION XXL 

0/ the Thermometer, 

F, As the barometer is intended to measure the different 
degrees of densitv of the atmo8{)here, so the thennomeier is de« 
signed to mark the changes in its tmperature, with regard to 
heat and cold. 

E, Is there any difference between the thermometer that is at* 
tached to the barometer and that which hanf?s out of doors ? 

F. No ; but, for the purposes of accurate observation, it is usual 
to liave two instruments, one attached to, or near the barometer, 
and the other out of doors to which neither the direct uor reilected 
rays of the sun should ever come. 
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C. Does not this thennometer consist of mercury inclosed in a 
iiss tube which is fixed to a graduated frame? 
F. That is the constnictiou of Fahrenheit's thermometer : but 



tiiese liave gmn way to quidudlver, wliioli is ooiisideted as the 
best of all the fluids, hmst hi^jfaly susceptible es^^aasaon and 
contraction, and capable of exhibiting a more extensive scale of 
heat. Falirenhcit's thermometer is chiefy used in Gfeat Britain, 
and Reaumur's and the C^tigrade thermometer on the Continent. 

E. Is not tliis the principle of the thermometer, that the qnick- 
ailvcr expands by heat and contracts bv cold ? 

F. It is : place your thumb on the bulb o£ the thermometer. 

E. The quicksilver gi-adually rises. 

F, And it will continue to rise till the mercury and vour thumb 
are of equal heat. Now you have taken away your hand, you per- 
ceive the mercury is falling nearly as fast as it rose. 

C. Will it come down to the point at which it stood before 
Emma touched it ? 

F» It will, unless, in this short space of time, tiiere has been any 
change ul the surrounding air. Thus the thermometer indicates 
the temperature of the air, or, in fact, of any body with which it 
is in contact. Just now it was in contact with your thumb, and 
it rose in the space of a minute or two from 56° to 62° ; had you 
held it longer on it the mercury would have risen still higher. It 
is now fallmg. Plunge it into boiling water,* and you will find 
that the mercury rises to 212°. Afterwards you may, when it is 
cool, ])lace it in ice in its melting state, and it will fall to 32°. 

F. Wiy are these particidar numbers pitched on ? 

F. You will not perhaps be satisfied if I tell you, that the only 
reason why 212 was fixed on to mark the heat of boiling water, and 
32 that to show the freezing point, was, because it so pleased M. 
Fahrenheit : this, however, was the case. 

C. I can easily oonceLTC that at the same degree of cold, water 
win always begin to freese ; hut surely there are different degrees 
of heat in boibng water, aim therefore it should seem strange to 
hare only one number for it. 

F, hktoi open vessel, boiling water is always of the same heat» 
that is, provided the deiksity of the atmosphere be the same ; and 
though you increase your fire in a tenfold proportion, yet the 
water will never be a single degree hotter ; for the superabundant 
heat, communicated to the water, is disposed of by being converted 
into steam or vapour. 

• This should b« done verr grniwaXift if hoMlof It WBt flat im tfct •iMHIi, lo frmst 




17 



Digitized by Google 



258 



PNEUMATICS. 





E. But suppose you confine the steam. 

F. Before I should attempt this 1 must be provided with a strong 
vessel, or, as you have seen under the article of the steam-engine, 
it would certunly bunt. But in a vessel jproper for tiie purpose, 
water has been made so hot as to melt solid lead. 

C, WiU jou expkdn the construction of the thermometer ? 

/I A B represents a glass tube, the end a is blown into 
a bulb» and this, with a part of the tube, is filled with 
mercuij. In good thermometers the upper part of the 
tube approaches to a perfect vacuum, and of course the 
end V, IS hermetically sealed. If the tube be now placed 
in pounded ice, the mercury will sink to a certain point, 
Xy which must be marked on the tube, and on the scale 
opposite to this point \\i must be placed, winch is called 
the freezing point. Then let it be immersed in boiling 
water, the mercury will rise, and after a few minutes be- 
come stationary. Against that ooint make another mark, 
and write on the scale 212 to tne heat of boiiu^ water. 
Between these points let the scale be divided mto 180 
equal parts. 

Why ISO parts P 
F. Because you begin from 32, and if you subtract that number 
from 212, the remainder will be 180. Also, below 32, and above 
212, set off more divisions on the scale, equal to the others. The 
scale is finished when you have written against 0 extreme cold, 
against 32 freezing point, against 55 temperate heat, against 70 
summer heat, ju^aiust 98 blood heat, against 112 fever Aeat, against 
•176 spirits boil, and against 212 water Ijoils. 

E. You said the scale was to be divided higher than boiling 
water, but without mentioning the extent. 

F. The utmost extent of the mercurial thennometcr, both ways, 
arc the points at which quicksilver boils and freezes ; beyond these 
it can be no guide : nowthe de^pree of heat at wliidi mercury boUs 
is 600, and it freezes when it is brought down as low as 39^ or 
40^ below 0 ; consequently the whole extent of the mercurial 
thermometer is about 640 degrees, agreeably to this division.* 

C. Is the cold ever so intense as to cause the mercury to sink 
40° below the freezing point ? 

F. Not in this country, but it is in some parts of Lapland and 
Siberia; and even here arlificial cold may be producea equal to 
this \ as, for instance, by solid carbonic aoid. 

♦ The French divide the npnrp >>i'twepn tli»« freexinff nnd boiling- points of water into 
100 e%ua) divitiou* ; and caU the iuatrumeut tbua coottrucud Um cmt^/rrndk tbarmometcr* 
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CONVERSATION XXH. 

Of tlie Tliermometer. 

C. Is quicksilver^ when frozen, a solid metal, like iron and other 

metals ? 

F. It is thus far similar to them, that it is malleable, or will 
bear haTnincring. And whon quicksilver boils, it goes off in vapour 
like boiliup^ ^'atcr, only much slower. Hence it has been infeiTcd, 
that all bodies in nature are capable of existing either in a so/id, 
fu'ul, or aeriform state, according to the degree of heat to which 
they are exposed. 

E, I understand that water mav be either solid, as ice, or in its * 
floid nahmU state, or in a state m vapour or steam. 

F. 1 do not wonder that you call the fluid state of water its 
natural state, because we are accustomed, in general, to see it so ; 
and when it is frozen to ioe, there appears to us, in this country, 
a violence committed upon nature. But if a person from the 
West or East Indies, who had never seen the effects of frost, were 
to arrive in Great Britain during a severe and long continued one, 
sucli as formerly congealed the surface of the Thames, unless he 
were told to the contrary, he would conclude that ice was some 
mineral, and naturally solid. 

K Does it never freeze in the Eiist or West Indies ? , 
F. It seldom freezes, unless in very elevated sitmitions, within 
35 degrees of tlic equator north and south; it scarcely ever hails 
in latitudes higher than 60^. In our own climate, anid indeed in 
all others between 35^ and 60% it rafely freezes till the sun's 
meridian altitude is less than 40 dcanees. The coldest part of the 
84 hours is genmllv about an hour before sunrise, and the 
warmest part of tiie day is usually between two and four o'clock 
in the afternoon. 

C. Are there no degrees of heat higher, than that of boiling 
mercur J ? 

F. \es, a gi'cat many : brass will not melt till it is heated more 
than six times hotter tliau boiling mercury ; and to melt cast iron 
requires a heat more than six times greater than this. 

E. By what kind of thermometer are these degrees of heat 
measured ? 

F. Tlie ingenious !Mr. Wedgewood invented a thermometer for 
measuring the degrees of heat up to 32,277° of rahrenhcit's scale. 

C, Can you explain the structure of this thermometer P 
F. All argillaceous bodies, or bodies made of clay, are diminished 
in bulk by the application of great heat. The dunmution com- 
mences in a dull red heat, and proceeds regularly as the heat in-' 
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creases, till the day k Titrified^ or iranaformed into a glassy sub- 
atance. This is the principle of Mr. Wedgewood's thermometer. 

E. Is vitrificatioii the limit of this thmnometer P 

F, Certainly. The construction and application of this inatm- 
ment are extremely simple, and it marks all the different degrees 
of ignition, from the rea heat, visible only in the dark, to the heat 
of an air furnace. It consists of two rulers fixed on a plane, a 
little fai-tlicr asunder at one end than at the other, Iraring a space 
between them. Small pieces of ahmi and clay, mixed together, 
are made just large enough to enter at the wide end ; tliey are 
then heated in the fire with the body whose heat is to be ascer- 
tained. The fire, according to its heat, contracts the earthy body, 
so that, being applied to the wide end of the gauge, it will slide on 
towards the narrow end, less or more, ^cording to the degree of 
heat to which it has becai exposed.* 

Each degree of Mr. Wedeewood's thcmometer answers to 130 
decrees of Tahrenheit, and he begins his scale from red heat fully 
risible in daylight, which he finds to be equal to 1077^ of Eahienr 
heit's scale^ if it could be carried so high. 

Here is a small scale of heat, as it is applicable to a few bodies : 



which 
answers 
to 



32277^ 
21877 
5237 
4717 

3807 
1077 



SCALE OE HEAT. 

Extremity of Wedgewood's scale 240^ 

• Cast iron melts • • at 160 
Erne ^Id melts . • .32 
Eine siher melts ... 28 
Brass melts . • . • 21 
Red heat visible by day . . 0^ 

Mercury boils at 600 

Lead meltsf . 540 

Bismuth meltsf 460 

Tin meltsf 408 

Milk boils 213 

Water boils 212 

Heat of the human body . . . . 92 to 97 

Water freezes 32 

Milk freezes 30 

A mixtare of snow and salt sinks the thermo- 
meter to ...... 0 

Mercury fieeses 40 

* We hfire <n tbe former pnrta of ibis woric obverred that ^11 bodies nre pxpnnilrd by 

hent. The diminution of th*- nrgrillncfous Buhstnucc* miul-- u»p of by Mr. ^\■f il^fi n ood 
npp<-nrt to he nu excrption : but n» tht; continction of ih-^v noi coniiiienc*' till thrjr 

nre fxpoi«««d to a rrd hnnt, it mny )iroh'n)i1y bt* nrronntid fur frona IIm n^lsloV Of ikS 
ffuid pnrticlea, rntht-r thnn from any renl contrnrtinn in ihe solide- 

f If these tbrrr mrtnla be mixed tof^ethrr by fii!<ioM in th« proyitio i%9t Ul4 S, 
■listur* will acU in • heat below that of beiUu^^ water. 
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C. You said that Ueaumiir's thermometer was chiefly used 
abroad ; what is the difference* between that and fahrenhcaf a ? 

F, Eeanmor phMses the freeidxig point at 0, or zero, and each 
dcf^ee of his thranometer is eqiud to or | degrees of 

Fahrenheit's. 

E. What does he make tlic licat of boilin£^ water ? 

F. Having fixed his frecziuf^ point at 0, ami making one of his 
degrees equal to 2i of Fahreulieit'Sj the heat of boiling water must 
be 80°. 

C. Let me sec. The number of degrees between the freezing 
and boiling points on Fahrenheit's thermometer is 180, which, 
divided by 2i or d'25, gives 80 exactly. 

F, Yoa have then a rule bjr which jon maj alwavs co&vert the 
degrees of lUurenheit into those of Eesumor : — ** Snotract 32 from 
the given number^ and multiply bv the fimction Tell me,. 
Emma, what degree on Eeaamnra scale answers to 167** of 
Fahrenheit. 

E. Taking 32 from 167 there remains 135, which, multiplied by 
4, gives 540, and tliis, divided by 9, gives 60. So that 60° of 
lieaumur answers to 1G7° of Fahrenheit. 

C. How shall I reverse tlic operation, and find a number on 
Fsihrenheit's scale that answers to a given one on lleaumur's ? 

F. " Multiply the given number by the improper fract ion 5, and 
add 32 to the product." Tell mc what number on Fahrenheit's 
scale answers to 40 on lleaumur's. 

€.111 mnltiply 40 by 9, and divide the product by 4, 1 get 90; 
to which, if 83 DC added^ the result is 132 : this answers to 40 on 
Beaiimi]?8 scale. 

F. What numbers on Eeanmur^s scale will answer to 76*, 98% 
and US'" of Eahienheit ; that is, to smnmer heat» blood hcAt, and 
fever heat P 

B, The numbers are 19^ 291, 351- nearly; for 

(76—32) X J = = 19-5 

• (98—32) X j = = 29 33, &c. 

(112—32) X i = ^ « 35-56, &e.. 

Similar rules may be employed with regard to the Centigrade 
thermometer ; only that the multipliers must be | and I instead 
of 3 and \. 

C. Are there any other thermometers P 

J^. Yes; severaL Avery ingenious one invented bv If. Bre- 
gnet. A thin riband of platinom is soldered to one of gdl^^ and 
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the compound riband is made into a helix. Now, as these two 
metals expand diMViTntly lor tlie same increments of temperature, 
the helix either twists or untwists, and carries with it an index. 
The most delicate ot" all measures of heat is the thermo-electric 
))ile ; but, as you cannot understand this until we have some con- 
verbation on electricity, I nmst be content with telling you, that 
directly you enter a room it will announce an increase of tem- 
perature^ and it has been known to indicate the temperature of 
insects. 



CONVERSATION XXUI. 

Of the Fyrmeter and Bygrmtief, 

F. To make our deserii)tion of philosophical instnimcnts more 
perfect, I shall to-day show you the construction and uses of the 
pyroknetcff and hygrometer, and conclude, to-morrow, with an 
acoount of the rain-gauge, and some diiectioiu for judging the 
weather. 

What do jon mean by a pyrometer F 
F. It is a Greek word, and signifies a ftre-measurer. The pyio> 
meter is a machine for measunng the expansion of solid substances^ 
particularly metals, by heat. This instrument will render the 

smallest expansion sensible to the naked eye. 

C, Is all tins apparatus necessaiT for the purpose ? 

F. This, as far {is I know, is one of the most simple pyrometers, 
and admitting of an easy explan.-ition, I have chosen it in prefer- 
ence to a more complicated iustrument, which might be susceptible 
of greater nicety. 

To a flat piece of mahogany, a a, are fixed three studs, b c and 
D, and at b there is an ac^usting screw p. h p is an index, turn- 
ing very easily on the pivot p, and It a is another, turning on and 



1. 




-pomting to the scale m n. r is part <rf a watch-spring fixed «t Y, 
and pressug gently upon the index ii Here is a bar ol mrn^ «t 
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the commoii temperature of the snnoimcluig air : I lay it in the 
studs c and d, and adjuBt the screw T, bq ttuftt the inde^ L s inay 
point to 0 on the scale. 

C. The bar cannot expand without moving the index p h, the 
crooked part of which pressing npon L s^that also will be moved, 
d the bar lengthens. 

F. Try tlic cx])criincnt ; friction, j^ou know, produces heat ; 
take the bar out of tlie nuts, rub it briskly, and then replace it. 

The index l s has moved to that part of the scale which is 
marked 2 : it is now going back. How do joa calculate the length 
of the expansion ? 

F, The bar presses agamst the index f h at and that agaui 
presses against liSakz, and hence thev both act as levers. 

C. And thej are levers of the thira kind, for in one case the 
fnlcram is at x, the power at f, and the point ^ to be moved may 
be considered as the weight ; m the other, l is the Mcnun, tlie 
power is applied at and the point 8 is to be moved.* 

F. The distance between the moving point w and h is 20 times 
greater tlian that between x and f ; the same proportion holds 
between l s and l z: from this you will get the spaces passed 
througli by the different points. 

E. Then as much as the iron bar expands, so much will it move 
the point f, and of course the point z wiW move twenty times as 
mueli ; so that if the bar lengthened Vgth of an inch, the point z 
would move fjths, or 2 inches. By the same rule, the point s 
will move throagh a space dO times as great as the point z. 

There are two levers then, eadi d which g^ins power, or 
moves over spaooi, in the proportion of 80 to 1; consequently, 
when united, as in the present case, into a compound lever, we 
multiply 20 into 20, which makes 400 ; and therefore if the bar 
lengthen i\|th of an inch, the pomt s must move over 400 times the 
space, or 40 mches. But suppose it only expands ^ih part of an 
inch, how much will s mover 
C. One inch. 

F. But every inch may be divided into tenths, and consequently, 
if the bar leiii^tlien only the ^^Rjo^h part of an inch, the point s will 
move through the tenth part of an inch, which is very perceptible. 
In the present case the point s has moved two inclbes, therefore 
the expansion is equal to ^f^ths, or j^gtli part of an inch. An iron 
bar, three feet long, is about ^th part of au inch longer in summer 
than in winter. 

C I see that, by increasing the number of levm^ yon might 
carry the experiment to a mudi greater degree of nicely. 

• For ra aoeonil of tin 41ff«rMit ttmti ••• ]f««hftntes, Co&T<iMtloM ZV mmi ZVI. 
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F. There are other pyrometers besides tliis — Darnell's is the 
best. It consists of a oar of platinum, or of AVTOnght iron, placed 
in a black-lead tube. Wlicn tliis is placed in a furnace the metal 
expands, and pu.shes for\vard a little piece of porcelain, wliich is so 
adjusted as to remain wherever it is pushed to ; and^ therf^Dire» 
▼nen the instnunent is taken from the fire it may be 
and the de^ee of expnaiott obeenred. 

Well, let us mow proceed to the hmometer, which is an iiuitnt> 
ment oontnred for meaanriiig the difrareut degrees of moiatiire in 
the atmosphm. 

E. I liHvc a weather houae that I bought at a fair, which tells 
me this ; for if the air ie ray moist, and theveby denotes wet 
weather, the man comes out ; and in fair weather, when the atno* 
apherc is dr^-, tlic woman makes her appearance. 

C. How is the weather-house constructed? 

F. The two images are placed on a kind of lever, which is sus- 
tained by catgut ; and catgut is very sensible to moisture, twisting 
and shortening by moisture, and untwisting and lengthening as it 
becomes dry. On the same principle is constructed another hy- 
grometer. A B is a catgut string, suspended at a 
with a little weight b, tmit carries an index o round 
a circular seaie b n on a horiaontal board or taUe, 
for as the catgut becomes moist, it twists itself 
and untwists ymea it approaches to a drier state. 

E. Then the degrees of moisture are shown by 
the index, wliicli moves backwards and forwards by 
the twisting and untwisting of the catgut. Boes 
all string twist with moisture ? 

F. Yes. Take a piece of common packthread, 
Fiff. 33. and on it suspend a pound weiglit in a vessel of 

water, and you will see how soon the two strings are twisted round 
one another. 

C. I recollect that the last time the lines for drying the linen 
were hung out in the garden, they appeared to be much looser in 
the evening than they were next morning, so that 1 thought some 

Serson had been altering them. A sudden shower of rain has pro- 
need 'the same effect in a striking manner. 

E. Sometimes^ when sudden damp weather has set in* tlie string 
of the harp has snapped whoi no person has been near it. 

F, These are the effects produced by the moisture of the air; 
the damp of night always snortens hair and hempen lines ; and, 
owing to the chsDffes to wliich the atmosphere in our dimate is 
liable, the harp, violin, &c. that are set to tune one day^ will need 
some alteiatiou before they can be used the next. 
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Here is a sensible and vei^ simple hygro- 
meter : it consists of a piece of whipcord or 
catgut, fastened at a, and stretched over 
several pulleys, b, c, d, e, f : at the end is 
a little weight w, to wliich is an index 
pointing to a graduated scale. 

C. Then, according to the degree of mois- 
ture in the air, the strmff shoiteiis or lengthens, 
sod of ooune the mm points hkner or 
lower. 

F. Another kind of l^ygrometer consists 
^f a piece of sponge B» prepared and nioelj 
balanced on the beam xj^; and the fulcrum 
z lengthened out into an index pointing to 

a scale A B. 

F. Does the sponge imbibe moisture suf- 
ficiently to become a good hygrometer P 

F. SjK)n^e of itself will answer the pur- 
pose ; but it is made much more sensible in the following manner : 

After the sponge is well washed from all impurities and dried 
again, it should oe dipped into water or vinegar, in which sal 
fiTim^»n^ Bait of tartar^ or ahnost anr other salme substance, has 
been dissolred, and then suffered to cby, when it should be aocu- 
lately balanced. 

C, Do the saline particle^ in damp weather, imbibe the moistnre 

and cause the sponge to preponderate F 

F. They do. Instead of sponge, a scale may be hung at e, in 
which must be put some kind of salt that has an attraction to the 
watery particles that float in the air. Sulphuric acid may be sub- 
stitutea in the place of salt ; but this is not fit for your experi- 
ments, because a little spilt over will destroy your clothes ; other- 
wise, it makes a very sensible hygrometer. 

E. I have heard the cook complain of the damp weather when 
the salt becomes wet by it. 

F, Right ; the salt-box in the kitchen is not a bad hygrometer ; 
and various others you may easily construct, as your knowledge of 
natnzal substancea becomes extended. 

S. But» papa, I have ttqami^ seen you oonsult a kind of 
douUe thermometers and heard you make zemarks about the mois- 
ture of the day. 

F. You are lig^t ; this is Mason's hygrometer ; it is sometimes 
called a payehrometer, from a Greek word signifnng coid. I will 
show it you. You obsen^e it consists of two delicate thermome- 
ters ; one of them is covered with musliu, from wliich a few silk 
threads dip into a vessel of water^ so that the muslin is always wet. 
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The wet thermometer is lower than the dry : can yoa tell me why, 
Charles? 

^ C. Becanae the^ moisture from the muslin evapofates into the 
air ; and evaporation ahrays produces cold. 

F. Ton are right : and yon can also see that tiie drier the wear* 
iher, the greater will be the evaporation, and the colder will tiie 
bulb become. So that the greater the dilTerenoe of twperatnre 
between the two bulbs, the dner is the air. Tables are constnieted, 
so that on looking for the two temperatures we find set against 
them tlie per centage of moisture of tlic air. 

C. I have heard you s})rak of Daniell's hygrometer. 

F. It is a glass tube like an inverted fl with a bulb at each 
end : one bulb contains ctluT, and in it is a small and very delicate 
thermometer; the other bulb is covered with muslin. All the 
air is extracted from the tube, so that it only contains the vapour 
of ether. The muslin is to be wetted with ether ; the drier the 
air is the faster this evaporates : tiie cold produced condenses tiw 
vi^nr of ether within tne tahe» fresh vapoor rises from the etiier 
in the other bnlh» and it becomes colder. Fresentljit becomes so 
cold that the moisture of the air is deposited on the bulb. The 
operation is now eommleted, and the temperature of the little ther- 
mometer is noted. This is called the deio-pomt. 

Note. — The ratio of expansion of metallic rods of the same 
diameter, placed in boiling water, is found to be in brass 94« iron 
73, lead 15^, and silver. 81. 



CONVERSATION XXIV. 

0/the Rmn^Qamge. 

C. Does the raiu-^auge measure the quantity of rain that falls? 
F, It shows the height to which the rain would rise on the 
place where it is fixed, if there were no evaporation, and if none 
of it were imbibed bj the earth. A fonnel a communi- 
cates with a cylindric tube b. The diameter of the 
funnel is exactly 12 inches, and that of the tube is 4 
inches. Tell me, Emma, what proportion the area of 
the former has to that of the latter. 

E. I remember that all similar plane surfaces bear 
the same proportion to one another that the squares of 
their like dimensions have. Now the sqimre of 12 is 
J a, and the square of 4 is 16, therefore the proportion 
rig. 30. of t he area of the funnel is to that of the tube as 1^ 
. to 16. 
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F. But 144 may be divided by 16, without leaving a remainder. 

C. Yes; 9 times 16 is 144, consequently the propoi-tioii is as 9 
to 1 ; that is» the area of the i'lmnel is 9 times greater thau that of 
the tube. 

F. If then the water in tlie tube be raised 9 inches, the depth 
of rain fjillen will, in the area of the funnel, which is the true 
gauge, be only one inch. 

M, Does the little graduated rule mark the elevation? 

F. Yes, it does, is a fkmids^ index divided into inches. 

E. If liien the float be laisedl inch, is the depth of water reck- 
oned only ^ of an inch ? 

F, Just so : and each nine inches ia length being divided into 100 
equal parts, the fall of rain can be readily^ estimated to the gio part 
oian mch. Kain-gauges should be varnished or well painted, and 
as much water should be first poured in as will raise the float to 
such a height, that 0» or zeio« on the roler^ may ooindde with the 
edge of the funnel. 

C. This is not like your rain-p:a\i£3:e. 

F. That wliich I use, thougli somewhat more difficult of ex- 
planation, is a much cheaper instrument ; it may, without the 
bottle, be made for a single shilling. It consists of a tin or copper 
funnel ; the area of the top contains exactly 10 square inches, and 
the tube, about 5 or 7 inoies long, passes throng a oodL that is 
fixed in a quart bottle. 

E, Is there any particular proportion between the area of the 
funnel and that of tiie bottleP 

F, No, it is not necessary ; for in this, the quantity of the rain 
is calculated by its weight compared with the area of the funnel, 
which is known. Por every ounce of water I allow '174 parts of 
an inch for the depth of the rain fallen. Thus the last time that 
I examined the bottle, 1 found that the water weighed exactly 6 
ounces, and 6 multiplied by "174 p^ives 1044; that is, the rain 
fallen in the prececling moiitli was equal to rather more than 1 
inch in depth. In the month of June (1817) the rain collected in 
the gauge weighed llj ounces, wliich is nearly equal to 2 inches 
in depth. 

C. Pray explam the reason of multiplying the number of ounces 
by the decimal *174. 

F. Eveiy impoial saUon of pure rain water oontains 877*3 
cubic inches, and wdgns 181b. avoirdupois, or 160 ounces : conse- 
quently, every ounce of water is equal to 277'B'T' 160 = 1-74 cubic 
inches ; but the area of the funnel is 10 square inches, therefore 
1-74 -f- 10 = 174 gives the depth of rain fallen for every cubic 
inch of water collected, or for every ounce in the gauge. 

You have now a pretty full account of all the instruments ue- 
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cessary for judging of the state of tlie weather, and for comparing, 
at different seasons, tlie various changes as they happen. 

E. Yes ; the barometer informs us how detise the atmosphere is ; 
the thermometer enables us to asoertain its heat ; the hi/grmeter 
wbat degree vimuMwn it contiins ; and by the rauhgauge we kun 
bow mach rain fedls in a given time. ^ 

F, The rain-gau^ most be fixed at aome distanoe from all 
buildings which might in any way shelter it from particular 
driving winds ; and the hei^t at which the suifim of tne frninel 
ia from the ^nnd must be ascertained. 

C. Does it make any difference in the quantity of rain collected, 
whether the gau^ stands on llic crround, or some feet above it? 

F. Very considerable : as that wliich I have described is a cheap 
instrument, one may be placed on the top of the house, and the 
other on the garden wall, and you will fmd the difference much 
greater than you would imagine. — I will now give you some rules 
tor judging of, and predicting, the state of the weather, wliich arc 
taken irom writers who have paid the most attention to these 
aul^ects,- and which my own observations have verified. 

1. The liainff of Uie mercury j^resages, in general, fiur weather, 
and its falling nnd weather^ aa xain, anew, hi^ winda, and storma. 
"When the suifiboe of the mercury is oonyex, or stands higher in 
the middle than at the sides, it is a aign the mercury is then in a 
rising state ; but if the aurfiftoe be ococaye ox hoUow in the middle^ 
it is then ainking. 

2. In veiy hot weather, the falling of the meioaiy indicates 
thunder. 

3. In winter, the rising presages frost ; and in frosty weather, 
if the mercury falls three or four divisions, there will oe a tliaw. 
But in a continued frost, if the mercury rises, it will certainly 
snow. 

4. Wlicn wet weather happens soon after the depression of the 
mercury, expect but little of it ; on the contrary, expect but little 
fur wommr, when it proves frdr shortly after the mercuiy haa 
risen. 

5. In wet weather, when the mercury rises nradi and high, and 
so continnes for two or three days^ bmre the bad weadiher is en- 
tirely over, then a continuance of lair weatlirr may be expected. 

. 6. In flair weather, when the mercury falls much and low, and 

ihns continues for two or three days before the rain comes, then 
a great deal of wet may be expectea, and probably high winds. 

7. The unsettled motion of the mercury denotes unsettled 

weather. 

8. The words engraved on the scale are not so much to be at- 
tended to as the rising and falling of the mercury ; for if it stand 
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at much rain, and thea ziMS to ohangeaUe, it denotes £ur weather, 

though not to continue so long as if tlie mercury had risen higher. 
If t he mercury stands at fair, and falls to changeable, bad weather 



mercury, and that for a large space, denotes high winds and 
storms; but in suiinner it presages heavy showers, and often 
thunder. It always sinks lowest of all for great winds, though 
not accompanied with rain ; but it falls more for wind and rain 
tc^ether than for either of them alone. 

10. IF, after nin, the wind change into any part of the noith, 
with a clear and dry sky, and the merouiy rises, it isacertain aign 
of fair weather. 

11. After yeiy gieat stonns of wind, when the mercnry has 



weather, unless the barometer sink mnbh, expect but little rain. 
In a wet season, the smallest depressions must be attended to : for 
when the air is much inclined to showers, a little sinking in the 
barometer denotes more rain. And in sucli a season, it it rise 
suddenly fast and high, fair weather cannot be ejLpected to last 
more than a day or tw^o. 

12. The greatest heights of the mercury are found upon easterly 
and north-easterly winds ; and it may often rain or snow, the wind 
being in these points, while the barometer is in a rising state, the 
effects of tiie wmd ooonteneting. But the metomyainkB for wind 
as well as rain vx all oth^ points of the compass. 

The ohservation of these and other roles which joa will ccJleeC 
from experience will in a short time render voa both as **wtaiher' 
fl0M0" as persons can in truth be^ in so yariaUe a climate as this. 



0/ Air, as a vehicle of heat and moisture — 0/Eain^ Dew^ 

Meteoric Stones. 

The causes which determine the distribution of heat over the 
earth's surface are, as has been sho^^Tl in Conversation X on 
Astronomy, either the direct influence of the solar ravs, or the 
communication of heat by the air, from one part of tlie earth's 
surface to anotlicr. The first of these depends on the latitude of 
the place, by which the intensity of the heat and hglit from the sun, 
and also the length of the day, are determined. %ut the intensity 
of the son's ravs, when they strike npon any place, is as tlie 
quantity that finUs on a given space ; and, of coarse, the nearer the 




autumn, the sudden falling of the 
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sun is to the zenith of anyplace at a given instant, the greater' 
the intensity of heat producea by his rays. 

Moreover, the heat of an entire day depends on tlie length of 
the day, as well as on the snn's elevation ; and as the day is 
iouffer where tlie distance from the zenith is greater, the inefpiality 
in the distribution of heat, arising from one of these causes com- 
pensates that which proceeds from the other, and brings their 
combined effects mucli nearer to an equality than could be imagined. 

The effects of the direct inlluence of tlic sun are greatly modiiied 
by the transportation of the temperature of one region into an- 
other. Heat ei^Muds air, and it thus becomes specifically lighter ; 
^t the oolnmns of air» iduch become lighter fa^ the action of the 
sun's rays, are displaced by those that are neayier; and hence 
there is a gencnd tendency m the air to move from the poles to- 
wiurds the equator, a dxcumstance which is admirably calculated 
to moderate the extremes of temperature. 

The sea, upon a similar principle, is preserved of a moderate 
temperature, for the heavier columns of a fluid displace those that 
are lighter. Hence the waters of the ocean are of a more uniform 
temperature, which temperature communicates itsdi' to the sur- 
rounding air. 

The effect of great continents is the reverse of this, and is favor- 
able to the extremes of heat and cold. High mountains, especially 
if covered with snow, may increase the rigour of a cold climate, or 
temper the heat of a warm one. 

Ix>rests tend to increase the cold, by preventing the sun's lavs 
from striking ou the ground. Evaporation, as is shown^ in the 
Dialogues on Chemistry, produces cold ; of course, countries that 
abound in marshes and lakes are subject to an increase of severe 
cold. And it is an admirable provision in nature, that in the act 
of the congelation of water into ice, a great deal of heat is given 
out, which m some degree moderates the severity of the cold. On 
the other hand, the melting or thawing of ice produces cold, which 
prevents the dreadful effects that might be oecasioucd by a too rapid 
thaw, especially wlien the ground is covered witii a verv deep snow. 

The height above the U'vel of the sea causes a diminution of 
heat at the rate of 1° for about 300 feet of elevation, which rigrees 
with observations made for twelve years, at llighgate and Camden 
Town, the average tcmni'raturc of the former place being one de- 
gree lower than that of the latter. 

The varieties of temperature on the surfoce of the earth are 
probably confined between the limits of 100° above and 40° below 
0, or zero. 

No natural degree of cold much below this has been ever known ; 
and the thermometer, in the shade, has rare^, if ever, been seen at 
lOO'^. in this country, as far as I have ascertained^ the hottest 
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day was Wednesday, July 13, 1808, when the mercury stood at 
90° in an open situation in the neiglibourliood of London ; but in 
London and confined places it wtus still liii^her. 

There is no doubt that the climates of Europe were more severe 
in ancient times than they now are, and the change is Jiscribed to 
the better cultivation of the soil. Cultivation may, in fact, im- 
prove a climate ; first by draining marshes and low grounds, and 
thereby lessening the evaporation ; secondly, by turning up the 
soil, and exposing it to the rays of the sun ;^ ana thirdly, by thin- 
ning or cattiiu^ aown fbiests, which, by their shade, prevent the 
peiStrotion of the snn's rays. The improvements that are taking 
place in tiie climate of North America prove that the power of 
man extends to phenomena which, from the magnitude andvaxiefy 
of their causes, appear beyond its reach. 

The vapour that rises from water, uniting itself to the air, 
ascends into the higher regions of the atmosphere, and is often 
carried by the win& to great distances. It is chemically dissolved 
in the air. 

Humidity docs not lessen, but increases, tlic transparency of the 
air ; hence wc often luivc the clearest atuiosphere the day before 
heavy rains. A cubical foot of air, which weighs about 1^ ounce, 
or 600 grains, will at the temperature of 66°, hold in solution 12 
grains, or about the 50th part of its own weight. If two portions 
of air, of different temperatures, but both saturated with humidity, 
be mixed together, a precipitation must, on chemical piindples^ Im 
thrown cbvm in the s^e of clouds or rain. 

Dew is a precipitation of humidity from the lower strata of the 
atmosphere. When air contauiing humidity cools below a certain 
point, it must begin to deposit its moisture. In this way dew is 
formed in warm weather, when, on the sun's going down, the heat 
of the air at the surface is greatly diminished. 

Meteoric stones have been the subject of much controversy. 
Some believe them to have l)cen originally vomited forth from vol- 
canoes. Others have fancied that they have been projected by 
volcanoes in the moon, beyond the sphere of the moon's attraction, 
and have in due coui'se fidlen to the earth. Others have thought 
that they owe their origin to the atmosphere ; that the air is full 
of particles of foreign matter ; and that li^tmiig forms them into 
a mass. But there are many serious objections to these hypoUieses. 
The most reasonable is the cosmical theory, which supposes them 
to be little masses of planetary matter revolving in space ; and 
this is the more probable from the fact that m August and 
November, when the earth is in the same part of planetary space,, 
they are periodically abundant; just as though the earth at that 
time came amongst a good group of them. 
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CX)NVERSATION L 

I^I&ODUCIION, 

Of lAgM^IU VeheUf — Iftnwi wdy in Hraigld lines, 

C. When wc were on the sea, you told us that you would ex- 
plaiii the reason why the oar, which was straight when it lay in 
the boat, appeared crooked as soon as it was put into the water. 

I did : but it requires some previous knowledge before you 
can oomprelmd tiie snlneot. It wonM aibvd joii bat little satis- 
foctioa to be told that this deoeption was eaoaed by the diilbrent 
degrees of refraeiim whieh take place in water and air. 

Jl We do not know what you mean by the word refraction. 
It will therefore be rignt to proceed with caution : refradkm 
18 a term frcmicntly used in the science of optica^ and this soifiooe 
depends wholly on light, 

J. What is 'light ? 

T. It would perhaps he difficult to give a direct answer to your 
question, because we know nothing of the nature of light but bj 
the effects which it produces. 

/. Does not the light come from the sun in some such manner 
as it does from a caudle P 

T, This comparison will answer our purpose : but there appears 
to be a great difference between the two bodice : n candle, wnether 
of wax or tallow, is soon exhansted : but philosophen have never 
been able to observe that the bodj of the son is aiminished \tj tbe 
light which it incessantly pours forth. 

/. Pray, sir, how swiftly do you redam that light moves? 

T. This you will easily calculate when you know that it is only 
about eight minutes in coming from the sun to us. 

C. And if you reckon the sun to be at the distance of ninety- 
five milHons of miles from tlie earth, light proceeds at the rate, 
nearly, of twelve millions of miles in a minute, or 2(30,000 miles in 
a second of time. But how do y()u know that it travels so fast P 

T. It was discovered by M. Kocmer, who observed that the 
eclipses of Jupiter's satellites took place about sixteen minutes 
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later, if the earth were in that part of its orbit which is farthest 
from Jointer thm if it were in the opposite pmnt of tiie bearais. 

(7. I nnderetand this ; the wth may sometimes be in a line be- 
tween the son and Jupiter ; and at other times the son is between 
the earth and Jupiter ; and therefore, in the latter case, the dis- 
.tanoe of Jupiter trom the earth is greater than in the foimer, by 
the whole length of the diameter oi the earth's orbit. 

T» In this situation the eclipse of any of the satellites is by cal- 
culation sixteen minutes later than it would be if the earth were 
between Jupiter and the sun; that is, the liglit flowing from 
Jupiter's satellites is about sixteen minutes in traveliing the width 
of the earth's orbit, or 190 millions of miles. 

/. It would be curious to calculate how much faster light travels 
than a cannon ball. 

T. Suppose a cannon ball to travel at the rate of twelve miles 
a mmnte : light is calculated to move a million times faster than 
that ; yet Dr. Akenside oonjectoies that there may be stars so 
distant from us that the light proceeding from them has not yet 
reached the earth : 

WhoM iiiifti4lnir liffht 
HMtmvtird the profound lix thouaand years, 
Kor yet an-ircd in sipht of mortal thiug^s. 

C, And have I not heard you say that some of the smaller 
nebulae are so far distant, that then: light could not have reached 
us in less than many thousand years more than the vulgar notion 
of the duration of time. 

T, Yes : and this is one of the strongest confirmations of the 
ideas put forth by geologists, tliat the mere earth existed, ^\dth a 
different organic creation, long before man was placed upon it. 

J. And you say light moves in all directions ? 

T, Here is a sheet of thick brown paper, and I only make a 
small pin-hole in it, and then» through that hole, I can see the 
same oojects, soeh as the shy* trees, buses^ &c.« as I could if the 
paper were not there. 

C. Bo we only see objeets by means of the rays of light ^dudi 
How from them r 

T. In no other way : and therefore the light that comes from 
the landscape, which I view by looking through the small hole in 
the paper, must come in all directions at the same time. Take 
another instance : if a candle be placed on an eminence in a dark 
night, it may be seen all round for the space of half a mile ; in 
other words, there is no nlaee within a sphere of a mile diameter, 
where the candle cannot be seen, that is, where some of the rays 
from the small flame will not be found. 

J. Why do you limit the distance to half a mile P 

18 



Digitized by Google 



274 



OPTICS. 



T, The distance, of course, will be greater or less, according to 
the size of the candle : but the de^ee of light, like heat, dimi- 
nishes in proportion as the square ofthe distaiice from the luminous 
body increases. 

J, Do jou mean that, at the distance of two vards from a 
candle^ we shall have foor times less light than we uumld have if. 
we were qdIj one yard from it? 

T, I do: aidattiuee yards' distanoe nine times less li^ht and 
at four yardi^ distanoe yo\i will bwre sixteen times less light than 
jon would were you within a yard of tbe object. I hare one 
more tiling to tell voa : liieht always mores in straight lines. 

/. How is that known r 

T. Look through a straight tube at any object, and the rays of 
light will flow readily from it to the eve ; but let the tube be Dent, 
and the object cannot be seen through it^ which prOYes that light 
will move only in a straight line. 

This is plain also from the shadows which opaque bodies cast ; 
for if the light did not describe straight lines, there would be no 
shadow. Hold anY object in the light of the sun, or a candle, as 
a square board or dooI^ and the shadow caused by it proves tiiat 
light mores only in richt or straight lines : for the space immedi- 
a;^ bdiind the boara or book is in shade. 

C. Is it not dark there ? 

T, No, not absolutely dark : it is enlightened in some degree 1^ 
rays reflected ixoBL the illuminated space* 



CONVERSATION IL 
O/Eays ofLigU,"^ B^keHan and Seft-aeium, 

C. You talked, the last time we met, of the rays of light flowing^ 
or moving : what do you mean by a ray of light? 

T. We must first think of what light itself is. It had long 
been maintained by philosophers, that it consisted infinitely 
small particles, given off by the luminous body; but this theory is 
£Ast losing CTOund. It is the general opinion now» that lu^t ia 
tlic result of nndulatory motions impressed upon the iometSmff or 
the nothittff,which philosophers call tne ether, that pervades space. 
So that a ray of light, is very much analogous to the wave of 
sound ; the one, liowcver, affecting the eye, the other the ear. 
Now liglit — or more properly a right line extending from the 
luminous body to the limit of illumination — is about eight minutes 
in coming from the sun to us ; tlien if the sun were blotted from 
the heavens, we should actually have the same appearance for 
eight minutes after the destruction of that body as we now have. 
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/. I do not understand how ooold aee a thing that would 

not exist. 

T. You do not ? Throw a stone in the water ; it is now at the 
bottom, and as a source of waves ceases to exist ; but the last M ave 
has not yet reached the shore. And so it is with Hght : the un- 
dulation, once given, must proceed on ; but it does not tullow 
that the light which caused the undulation should so act, as it 
were, until the wave reached a human eye. Kemember, two 
things axe neoessaiy for the existence of ught ; an undnlation, 
and an eye to recme it ; if either of them is wantmg, time is 
no li^ht. A blind man has no idea of light ; the notion a 
eertam blind man had of acailet, after kng teabhini^ was that ft 
was like the totmd of a trumpet, 
' C. Do we not actually see the body itself? 

T, No : we see the light emanating from it, or reflected £pom it* 

J. What do you mean by being reflected ? 

jT. If I throw tills marble sinajrtly against the wainscot^ will it 
remain where it wjis thrown ? 

/. No : it will rebound, or come back again. 

T. What vou call rebounding, writers on optics denominate 
reflection. When a body of any kind, whether it be a marble with 
which you pky, or a wave of light, strikes against a surface, and 
is sent back again, it is said to be reflected. If yon shoot a 
marble straight against a board, or other obstacle, it comes back 
in the same line, or nearly so ; but suppose you throw it side- 
wise, does it retium to the hand ? 

G, Let me see : I will shoot this marble against the middU of 
one side of the room from the comer of the opposite side. 

/. You perceive that, instead of coming hack to your hand, it 
goes off to the other comer directly opposite to the place from 
which you sent it. 

T. This will lead us to the explanation of one of the principal 
definitions in optics, viz. iliat the angle of reflection is alicays equal 
to the angle of incidence. You know what an angle is ?* 

C. We do : but not what au angle of incidence is. 

T, I said a ray of light was a wave, or undulation : now there 
are madaU xm and r^fhefednjs^ 

The modem rays are tlMiae wmdi Jkll m the sqr&ce ; and the 
reeled rays are those whidi are dm/ off from it. 

C. Does the line made or supposed to be made by the marble 
in going to the wainscot represent the incidetU ray, and in goii^ 
from it does it represent the reflected ray ? 

T. It docs ; ana the wainscot may be called the reflecting surface. 

/• Then what are the angles of mcidence and rellectiou if 

• 8m CoavtiMtioa 1« 
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T. Suppose you draw the lines on which the marble travelTed, 
both to the wainscot and from it affain. 

C. I wQl do it with a pieoe of imaKk as neaily as I can. 

T, Now draw a pcrpendiciilar* from tlie point where the marble 
atmck the smface, tmt is, where your two lines meet. 

£7. I see there are two angles, and they seem to be equal. 

T, We cannot expeet mathematical precision in snch triala aa 
these ; but if the experiment were actnirately made, with a per- 
fectly elastic substance, the two angles would be perfectlj equal : 
the angle contained between the incident ray ann the perpendi- 
cular is called tlie an^lc of incidence, and that contained between 
the perpendicular and reflected ray is called the angle of reflection. 
Are these in all cases equal, shoot the marble as you will ? 

T. They are : and the truth holds equally \i'ith tne rays of 
light : — both of you stand in front of the loolong-glass. You see 
yourselves, and one another also ; for the rays of light flow from 
Toutotlto fflass, and are reflected bade again in the same lines. 
Kow both of yon stand on one side of the room. What do you see ? 

C. Kot yonrselTes, but the fnmitnre on the opposite side. 

T. The reason of this is, that the rays of light, flowing from jou 
to the glass, are reflected to the other side of the room. 

C, Tntn if I go to that part, I shall see the rays of light 
flowing from my brother ; and I dio see him in the glass. 

/. And I sec Charles. 

T. Now the rays of light flow from each of you to the glass, 
and are reflected to one anotlu r : but neither of you sees himself. 

C. No : I \y\\\ move in front of the glass ; now I see myself, 
but not my brotiier j but I think I unaerstand the subject very 
well. 

T, Then explain it to me by a figure, which you may draw on 
the slate. 

C. Let A B represent the looking-glass : if I stand at the 

rays flow from me to the glass, and are re- 
pig fleeted back in the same Bne, because now 
there is no angle of incidence, and of course 
\ no angle of reflection ; but if I stand at t, 
\ then the rays flow from me to the glass, but 
y they make the angler o c, and therefore they 
must be reflected in the line o y so as to make 
the angle y o c, which is the angle of reflec- 
tion, equal to the angle x o c. And if James stand at ^, he will 
see me at .r, and I standing at a- shall see him at 
T, The same thing occurs with respect to every plane reflecting 

• If tba pntnt hr fxnctly in thf midHlf of ori^ tide of the room, n pf ipf miirulnr itrPttdlly 
'■^^B bjT nodiuff th« middle of tb« opiiosite aidr, and joining^ thm two poiuu. 
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surface, as well as in a looking-glass ; as in clear water, or in 

highly polished steel, mahogany, sc. 

C. Axe the nndulatious, wliicli produce light, rapid ? 

T. Yes : 477 miUions of millions of vibrations mubt occur in a 
second to produce red light ; and 699 millions of millions to 
produce violet. Ask Emma to strike the middle C of her piano ; 
now, if that string were bisected 40 times, and it were possible to 
make it vibrate, what would it produce ? 

K A veij inaudible sound, surely. 

T. No: livmldBfSi^^^ 



CONVBBSATION HI. 

0/" the Refraction of Light, 

If glass stop the rays of lights and reflect them, why cannot 

I see myself in the window? 

T. It is the silvering on the glass which canses the reflection. 

No glass, however, is so transparent, but it reflects some rays : 
put your hand to within three or four inches of the window, and 
you see clearly the image of it. 

' /. So I do ; and the nearer the hand is to the glass, the more 
evident the image ; but it is fonned on the other side of the glass, 
and beyond it too. 

21 It ia : this happens aho in looMng-glasses ; ^on do not see 
joorself on the sornoe, hnt aiqpaxaitly as &r bdund the glass as 
yon stand from it in tiie front. 

WhatcTer suffers the rays of light to pass through it, is called a 
medium. Glass, which is transparent, is a mediun ; so also are 
air and water : and indeed all fluids that are transparent are called 
media, and the more tnmsparent the body, the more perfect is the 
medium. 

C. Do the rays of light pass through these in a straight line ? 

T. They do ; but if they enter it at an angle they do not jjass 
through in preciselv the same direction in which they were moving, 
before they entered it. They are be)U out of their former course, 
and this is called refraction. 

J. Can you explain this term more 
dearly P 

T. Suppose A B to be a pleoe of 
glass, two or three inches thick, and 
a ray of light, a «, to fall upon it at a 
a ; it will not pass through in ihB 

direction s s, but when it comes to 
it will be bent towards the perpendi- 
enlar a b, and go through the glass 
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ia the course a jf; and when it comes into the air^ it will pass on 
in the direction t z, which is parallel to s s. 

C. Does this happen if the ray fall perpendicularly on the g^aas 
at p a ? 

T, In that case there is no refraction, bat the ray pzoeeeds in 
its pasaaoe through the gbss^ pieoisefy in the same oirectoi aa 
it Old berare it einerodit^ namely, in the directbn p h> 

J. BefractioD, then, takes phiice only when the laysM ohBquefy 

or slantwise on the mediiun P 

T, Just so : rays of Ught may p*n out of a tater into a demer 
medium, as fimm air into water or glass; cur th^^ may pass froma 

denser medium into a rarer, as from water into air* 

C. Are the effects the same in both cases? 

T. Tliev are not : and 1 wish you to remember the differonoe. 
TMien lifrht pjtsses out of a rarer into a denser medium, it is drawn 
to the perpendicular : thus if s « pass from air into glass, it moves, 
in its jiassage through it, in the line a x, which is nearer to the 
perpendicular p h than the line a s, wliich was its first direction. 

£at when a niy passes £rom a denser medium into a rarer, it 
ttiOFes in a direction fariker from perpendiedar ; tiins if the 
TBkj xa pass thiouj^h ^hus or water into air, it will not, when it 
eomes to o, more m l£e diteetion a m, bnt in the line a % which 
is farther than a m from ti^e popendioiilar a 

J. Can you show us any expmment in proof of this? 

T, Yes, I can : here is a common earthen pan, on the bottom 
of which I will lay a shilling, and will fasten it with a piece of soft 
wax, so that it shall not move from its place, while I pour in some 
water. Stand back, tDl you just lose sight of the shilling. 

J. The side of the pan now compietdy hides the sight of the 
money from me. 

T. I will pour in a pitcher of clear water. 

/. 1 now see the shilling ; how is this to be explained? 

T* Look to the last figure, and conceive your eye to be at s, 
« 5 the side of the pan, SsA the piece of moneT to b» at 9s nowv 
when the pan is empty, the of Ikht flow mnn in the direo* 
tion ram; but your eye is at s, of course you cumot seeanj^ 
thing by the ray proceedmg along x a m. As soon as I pat the 
water into the vessd, the raya ol light proceed from x to bnt 
there they enter from a denser to a rarer medium ; and therefore!, 
instead of moving in w, as they did when there was no water» 
they will be bent from the perpendicular, and will come to your 
eye «it s, as if the sliiUing were situate at «» 

/. And it does appear to me to be at ». 

T. Remember wiiat I am going to teU you, for it is a sort of 
axiom in optics : " We see everything in the direction of that 




Digitized by Gopgle 



BXFBACnON OE LIGHT. 279 

iHii«tratcd : I place a candle before the lookinf2:.s^lass, and if you ' 
stand also before the glass, the image of the candle appears belund 
it ; but if another lookiner-^^lass be so placed as to receive the 
reflected rays of the candle, and you stand before this second 
glass, the candle will appear behind that ; because the mindtraiiE* 
fcrs every object seea along the line iu wluch the rays come to 

the eye last. , , • • * 

C. If the sliilUng were not moved \q tlie pcmng in of tlie 
water, I do not understand how we could 866 it ^fterwards. 

T. But you do see it now at the point II, or rather at the little 
dot just above ii which is an ineh or two fifom the place where 
it ynB &8t6iied fimn the bottom, and from which, yon may eon* 
vince yourself, it has not moved. , . , . .„ , . , 

/. I should like to be convinced of this : will you make the 
experiment again, that I may be satisfied of it ? 

T. You may maki* it as often as you please, and the eflect will 
always be the same ; but you must not imagine that the shilling 
only will appear to move, the bottom of the vessel seems also to 
change its place. . , . 

/. It appears to me to be raised higher as the water ispoured UL 
T. I trust you are satisfied by this experiment : but I ^a^LShow 
you another equally convincing ; but for this we atand in need of 
the sun. 

Take an empty vessd A, a common pan or 
baain will anavrer the purpoee, mto a dark room, 
having only a veiy amall hole in the window-shut- 
ter; 80 place the basin that a ray of light s « shall 
fall upon the bottom of it at a; here I make a 
small mark, and then fill the basin with water. 
Now where does the ray fsJl ? 

/. Much nearer to the side at b. 

T. I did not move the basin, and therefore 
could have had no power in altering the course of the light. 

C. It is very clear that the ray was refracted by the water at s, 
and I see that' the effect of refraction, in this instance, has been 
to draw the ray nearer to a perpendicular, which may be conceived 
to be the side of the vessel. 

T, The same thing may be shown with a candle inaxocnioUier- 
wiae dark : let it stand in anch a manner aa that the ahadow of 
the Bidis of a pan or box may fiill somewhere at the bottom of it ; 
mark the place, and poor in water, and the shadow will not then 
fUl so far from the For in this case, the rap of light pass 
wt ofairt which is a rare medium, into water, whibh is a denser 
medium, and are accordingly drawn nearer to the perpendicular. 

/. Do all media refract equally? 
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T. No: they differ according to their densities ; that is, the denser 
medium has the greater refracting power. AVheu a ray of light 
passes from air into water the refraction is as 4:3; bat when it 
pMsea ton air into glass it is as 3 : 8 ; that is, the measueB of 
&ie ntioa m | and |; mnltiply both finotioiis % any number, as 
18, and the latter will be seen to be the larger. 



CX)NVEB5ATI0N IV. 

Cf the Be/ledum and BafiradUm of Idghi. 

T. We will now jiroceed to some farther ilhistrations of the laws 
of reflection and rciniction. We shut out all the light except the 
ray that comes in at the small hole in the shutter : at the bottom 
of this biisin, where the ray of ligiit falls, I lay this piece of 
looking-glass j and if the water be rendered in a small degree 
opaaue or mixing with it a few drops of milk, and the room be 
filled witn dost bj sweeping a carpet, or any other means, then 
you will aee the re&acdoa wiuch the ray from the simtter nnder- 
goes in passing into the water, the reflection of it at the sur&oe 
ol the looldng-fflafla, and the refraction which takes jdaoe whea 
the ray leaves the water, and passes again into the air. 
/. Does this refraction take place in £dl kinds of glass ? 
T, It does ; but where tlio ^'lass is very thin, as in window glass, 
the de\nation is so small as to m £re no rally overlooked. You may 
now understand why the oar in the water appears bent, though it 

be really straijjht ; for suppose 
A B represent water, and /// a x 
the oar ; the image of tlie part 
a X \i\ the water will lie above 
the object, so that the oar will 
appear in the ahane m a % 
indeed of M 0 dP. Untiiisao^ 
fir*«* ooimt, also, a fish in the water 

appears nearer the surface than it actnall^f is, and a markaman 
snooting at it must aim below the place wmch it seems tooooiqpy. 

C. Does tlK ima^ of anv objeot seen in the water always appear 
higher than the object really is ? 

T. It appears one fourth nearer the surface than the object is. 
Hence a pond or river is a third part deeper than it appears to be, 
which is of importance to remember ; for many a schoolboy has 
lost liis life by imagining the water into which he piungea was 
within his depth, as boys say. 
/. You 5ay the bottom appears me fourth nearer the surface than 
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it is ; and theu that the water is a third deeper than it seems to 
be : I do not understand this. 

T. Sui)pose the river to be six feet deep, which is sufficient to 
drown you or me, if we cannot swim : I say the bottom will 
appear to be only four feet and a half from the surface, in which 
CMC jou could stand and have the greater part of your head above 
it : (tt oourse it aopears to be a foot and a half shallower thm it 
is ; bat a foot and a half is just the ikird part of four feet and a 
half. 

C. Can this be shown by experiment f 

It may : — take this large empty pan, and with a piece of 
soft wax stick a piece of money at thie oottom, but so tnat .joa 
can just see it as yon stand : keep your position, and I will pour 

in a quantity of water gradually, and tell me the appearance. 
C. The sliiUing rises exactly in the same proportion as you pour 

in the water. 

T. Recollect, then, in future^ that we camiot judge of distances 
so well in water as in air. 

J. And I am sure we cannot of magnitude : for, in looking 
through the sides of a globular glass at some gold and silver fish, 
I thought them yeiy Iwge ; but if I looked down upon them from 
the top, they appeared very mndh smaller. 

T, Here the convex or round shape of the glass becomes a 
magnifier, the reason of which will be explained hereafter. A fish 
wil^ however, look larger in water than it reallv is. I will show 
JOU another experiment, which depends on reuaction : here is a 
glass goblet two thirds full of water ; I throw into it a shilling, 
and place a plate on the top of it, and turn it quickly over^ that 
the water may not escape. What do you see ? 

C. There seems certainly a half-crown lyin^ on the plate, and a 
shilling appears to he swimmin|^ above it m tiie water. 

T. So it^seems, indeed : but it is a deception, wliich arises from 
your seeing the piece of money in two directions at once, viz. 
through the conical sui-facc of the water at the side of the glass, 
and through the fiat surface at the top of the water. The conical 
amefiMse, as iras the oue mi^ tiie glo onlar <me in wMoli the fish 
▼ere swimming, magnifies the money; bat by the flat surface the 
nys are only rdracted, on wbidi aocoont tiie mimey is seen high^ 
up in the glass, and of its natural sise, or nearly so. 

J. If I look sidewise at the money, I only see the large piece ; 
and if only at top, I see it in its natural size and state. 

C. Look again at the fish in the glass, and you will see through 
the round part two very lar£rc fish, and seeing them from the 
upper part, they appear of their natural size^ the deception is the 
same as.with the shilling in the goblet. 
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The principte of telractian is prodndiTe of abme very idb 
poitant effects. By this the sun, every clear mommfc is seen 
several minutes before he oomes to the harmm^ and as long after 

he sinks beneath it in the evening. 

C. Then the days are longer than they would be, if there was 
no such a thinf^ as refraction. Will you explain how this happens? 

T. I will : you know we are sun'ounded with an atmosphere, 
wliich extends all round the earth, and above it, with sufficient 
density to refract the ravs of light, to above the height of forty- 

nve miles; now the dotted part of this dia- 
gram represents that atmosphere : suppose 
a spectator stand at s, and the sun to be 
at a; if there vere no lefraetbn, the per- 
son at 8 would not see the rajs of the son 
till he were sitoate with regard to the son 
in a line s »a; becanse, when it was below 
the horizon, at b, the rays would pass by 
P'sr 5- the earth in the direction b x z; bu^ owii^ 

to the atmosphere and its refracting power, when the rays from 
b reach x, they are bent towards the perpendicular, and canied to 
the spectator at s. 

/. Will he really see the image of the sun while it is below the 
horizon ? 

T, He will; for it is easy to calculate the moment when the sun 
should rise and set, and, if that be compared with exact observa- 
tion, it will be found that the image of the sun is seen sooner or 
later than this, b^ several minutes every clear day. 

C, Are we subject to the same kind of deoeptioa when the son 
is actually above the horizon ? 

T, We are always subject to it in these latitudeSj for the sun is 
never in that place in the heavens where he appears to be. 

J. Why in these latitudes partieularly? 

T* Because with us the sun is never m the zeniiky s, or directly 
over our heads ; and in that situation alone his ime place in the 
heavens is the same as his apparent place. 

C. Is that because there is no redaction when the rays fall per* 
pendiciUarly on the atmosphere ? 

T. It is ; but when the sun is at »i, in the last figure, his rays 
will not proceed in a direct line »t o s, but will be bent out of 
their course at o, and go in the direction o s, and the spectator 
will imagine he sees the sun in the line of s o ». 

C, WMt makes the moon look so much larger, when it is just 
aibove tJie horizon, than when it is higher 19. 

T. The thickness of the atmosohei^ when the moon is near Ae 
horizon, renders it less bright tnan when it is higher np^ 
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leads us to suppose it is farther off in the former case than in the 
latter ; and, because we imagine it to be farther from vl&, we take 
it to be a larger object than wlien it is higher. 

It is owing to the atmosphere tliat the heavens appear bright in 
■ the daytime. Without any atmosphere only that part of the 
heavens would appear luininoufi in wliicli the sun is seen ; in that 
case, if we could live without air, and should stand with our backs 
to &e sun, the whole heaTens would i^uear as daik as night. We 
cannot, therefore, too lughly estimate tne importanoe of an atmo- 
sphere that affords those reflections and refractions of light, which 
abed lustre over surrounding objects, and wliich form plying 
transitions &om darkness to mj, and from day to night» by means 
of twilight. 

The ))articles of light from the sun travel in immense regions 
of complete darkness, till they arrive at the atmospheres of the 
several planets and satellites, when their passage through those 
atmospheres, by direct motion, reflection, and refraction, gives 
occasion to the manifestation of light, and ail its beauteous^ strik- 
ing, and useful modihcations. 



CONVERSATION V. 

D^nitums—Of the different kinds of Lemes^Of Mr, Farket^M 
' Burning Lens, and the ^ecU produced by it. 

T, I must claim your attention to a few other defimtkms; the 
knowledge of which will be wanted as we fffooeed* 

A pencil of myt is any number that proceed from a point. 

Parallel n^ff are such as always move at the sam^ distance ficom 
each other. 

C. That is something like the definition of parallel lines* But, 
when you admitted the rays of Hght through the small hole in the 
shutter, they did not seem to flow from that point in ])arallel 
lines, but to recede from each other in proportion to their distance 
from tliat point. 

T. They did; and when they 
do thus recede from esch other, as 
in tins figure, from cix^ed, then 
they are said to dkergfe. But if 
they conthniall^ approach towards 
each other, as in moving from e 
to c, they are said to converge. 

J. Wliat does the dark part of 
this figois represent? '^^-^ 

• r«niUtl lUMt art <bMt wMeli Maf laialMlj wUmM Btvtr i 
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T. It represents a plass lens, of which there are sereral Idiids. 

C. How do vou descriho a lens ? 

T. A lem is a glass ground into such a form as to collect or dis- 
perse the rays of light wliich pass through it. Lenses are of dif- 
uBrent shapes, from which they take their names. They are repre- 
sented here in one ?ieir. A is soeh a one as that in the last figure, 

andit is caUed a 
jsAiMO-MeMr, be- 
cause one side is 
flat and the other 
eonvex; b is a 

pUmo -concave t — 
one side being 
flat, and the other 
concave; c is a douhl ' cf.nmx Irm^ because both sides arc convex ; 
D is a double concave, because both sides arc concave ; and e is 
called a meniscus, being convex on one side, aud coucave on the 
other ; of this kind are all watch ghisses. 

J. I can easily conceive diverging rays, or rays proceeding from 
a point ; bat what is to make them converge, or come to a point? 

T, Look again to Fig. 6 ; now a b icjiresent parallel 

rays, falling upon cd^K conTex snrfaoe, of glass, for instance, all 
of which, except the middle one, fall upon it obliquely, and, ac- 
cording to what we saw yesterday, will be refracted towards the 
peroendicular. 

C. And I suppose they will all meet in a certain pomt in that 

middle line. 

T. That point c is called the focus: the dark part only of this 
figui*e re])rcsents the glass, 'a& c d n. 

C. IIa\ e you drawn the circle to show the eiuict curve of the 
different lenses ? 

T. Yes : and you see that parallel rays falling upon a plano- 
conrej lens meet at a point behind it, the distance of which, from 
the middle of the glass, is exactly equal to the diameter of the 
sphere of which the lens is a portion. 

/. And in tlie ease of a doml^ 
is the distance of the focus of parallel rays 
equal oidj to the radius of the sphere? 

T. It IS ; and you see the reason v& it 
immediately; for two concave surfoees 
have double the effect in refracting raya 
to what a single one has : the latter\)nn^- 
ing thcni to a focus at the distance of the 
diameter, the former at half that distapce^ 
or the radius. 
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C. SometixiioSy perhaps, the two sides of the same lens mayhAve 
different cnnres : ▼hat is to be done then ? 

T. If yon know the zadiua of both the cnnrea^ the foUowing 
rule will give you the answer : 

" As the sum of the radii of both cuitcs or convexities is to the 
radius of either, so is double the radius of the Other to the dis- 
tance of the focus from the middle point." 

Then if one radius be four inches, and the other three inches, 
I say, as 4 X 3 : 4 : : 6*7* = 3^, or to nearly three inches and a half. 

I saw an old sailor lighting Ids pipe yesterday by means of the 
nm's rays and a ^lass : was tnat a doome convex lens P 

T. I dare say it was; and you now see the reason of thatwbieh 
ilien you could not oomprehcaid : all the rays of the son tiiat (all 
on the surface of the glass in the last figure are ooUeoted m the 
point f, which, in this case, may represent the tobacco in the pipe. 

C. How do you calculate the neat which is collected in the focosF 

T. The force of the heat collected in the focus is in proportion 
to the common heat of the sun, as the area of the glass is to the 
area of the focus : of course, it may be a hundred or even a thou* 
sand times greater in the one case than in the other. 

/. Have I not heard you sav that Mr. Parker, of Fleet street, 
made once a veiy large lens, which he used as a burning-glass ? 

T. He formed one three feet in diameter, and when fixed in its 
frame, it exposed a clear suiface of more than two feet eight 
inches in diameter, and its focus, by means of another lens, was 
ledncedtoadiameterof Ittlf anindi. The heat prodneed by this 
was so great, that iron plates were melted in a few aeoonds ; tiles 
and slates became red^ot in a moment, and were vitrified, or 
changed into glass; sidphnr, pitch, and other resinous bodies^ were 
melted under water : wood ashes, and those of other vegetaUe 
substances, were turned in a moment into transparent glass, 

C. TVovild the heat produced by it melt all the metals ? 

T. It would : even gold was rendered fluid in a few seconds : 
notwithstanding, however, this intense heat at the focus, the finger 
might, without the smallest injury, be placed in the cone of rays 
within an inch of the focus. 

/. There was, however, I should suppose, some risk in this ex 
penment, for fear of bringing the finger too near the focus ? 

T. Mr. Parker's curiosity led him to try what the sensation 
would be at tlie fbcua; and he describes it like that produced by a 
shatp lancet^ and not at all simflar to the pam produced by the 
heat <tf fire or a candle. Substances of a white colour were diffi- 
cult to be acted upon. 

C. I suppose he could cause water to boil in a yeiy short time 
withthelens* 
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T. If the water be very pure, and contained in a clear glass de- 
canter, it will not be warmed by the most poweiM lens. Bat a 
pieoe of wood may be burned to a coal, irhSa it Is contaiiied in a 
decanter of water. 

/. Will not the heat break the glass ? 

T, It will scarcely warm it ; if, however, a piece of metal be 
put in the water, and the point d laya be thrown on that, it will 
communicate heat to the water, and sometimes make it boiL 
The same effect will be produced if there be some ink thrown into 
the water. 

If a cavity be made in a piece of charcoal, and the substance to 
be acted on be put in it, the eflfect produced by the lens will be 
much increased. Any metal thus inclosed melts in a moment, the 
fire sparkling like that of a forge to which the blast of a bellows 
is applied. 

C. Cannot the same dfoots be produced bv a concave nurror ? 

T, Every concave mirror, or speculum, whether made of glass 
«r metal, collects the ray^ dispersed through the whole oonoavify^ 
after reflection, into a pomt or focus^ and is therefore a burning 
mirror. 

The ancients made use of concave mirrors to rekmdle the Vestal 
fires. Plutarch says, that they emploved for that purpose wa^cla, 
or dishes. They were, most probabij, hollow hemispherical vessels, 
finely polished witliin. Such vessels, placed opposite the sun, 
would collect its rays into a focus, at half the radms ; where the 
Vestal virgins holding the combustible matter^ for a short time,, 
would bring it away burning. 



CONVERSATION VI. 

Of FaralUl Sa^s^Of Diverging and Converging Eay^^Qf the 

Focus and Focal Distances, 

C, I have been looking at the figures 6 and 8, and see that the 
rays falling upon the leiSes are parallel to one another ; are the 
sun's rays parallel P 

T. They are considered so ; but you must not suppose that all 
the ravs that come from the surface of an object, as the sun, or any 
other body, to the eye, are parallel to each other, but it must be 

understood of those rays only 
which proceed from a single 
point Suppose s to be the 
sun, the rays which proceed 
c ton a nngle point ▲ do in 
YeaHtr fomi % ^ftWA. thji h/ug 
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of which is the pupil of the eye^ and its height is the distance 
from us to the sun. 

But the breadth of the eye is nothing when compared to a line 
ninety -live millions of miles long. 

If now we take a ray from the point a, and another from on 
opposite pomto €i the son's disc, tiiey will form a sensible angle 
ait the eye ; and it is from this^ ani^e a s c that we judge of tne 
iqpparent size of the smi. 

/• If there be nothing to receive the rays (Fig. 8) tA/, wOldd 
they cross one another and diverge? 

T, Certainly, in the same manner as thefy ccmveige in coming to 
it ; and if another glass, F G, of the same convexity as d e, be 
placed in the rays at the same distance from the focus, it will so 
refract them that, after going out of it, they will be parallel, and 
SO proceed on in the same manner as they came to the first glass. 

p. There is, however, tlds difference i all the rays, except the 
middle one, have changed sides. 

T. You are right ; the ray b, which entered at bottom, goes out 
at the top b ; and a, wldch entered at the top, goes out at the 
bottom €, and so of the rest. 

If a cttidle be placed at /» the focus of the convex glass, the 
diverging rays in the space f/o, will be so refracted by the glaaa 
that, after going out of it, tlu y will become parallel again. 

/. What will be the effect il the candle be nearer to the glas9 
than the point/.-^ 

T. In that case, as if the candle be at 
ff, the rays will diverge after they have 
passed through the glass, and the diver- 
gency will be greater or less in proportion 
as the candle is more or less distant from 
the focus. 

(7. If the candle be placed farther from 
the lens than the fbcas /, will the rays 
meet in a point alter they haye passed 

through it ? 

They will : thns, if the candle be 
nlaced at ^, the rays, after passing the 
lens, will meet at x ; and tnis pomt a 

will be more or less distant from the glass, 
as the candle is nearer to, or farther from 
its focus. Where the rays meet, they 
form an inverted image of the fiame of the candle. 
/. Why so P 

T, Because that is the point where the rays, if tliey arc not 
Utopped, cross each other : to satisfy you on tms head^ I will hold 
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in that mint a sheet of paper^ and you now see that tiie flame of 

the candle is inverted. 
/. How is this explained P 

T. Let ABC represent an arrow placed beyond the loens f, of 
a doable convex hauB de/, some lays will flow from every part of 

the arrow, and fall on the 
lens; but wc shall consider 
only those which flow from 
the points a b and c. The 
rays which come from a, as 
A A ey and A /, will be 
refracted by the lens, and 
meet in a; those which 
come from Bj as b d^Be, 
and B / will nnite in 6/ 
and those wluchcome from 
C will unite in c. 

C. I see clearly how the 
la^ from B are refracted and unite in ^ ; but it is not so evident 
with regard to those from the extremities a and c. 

T. I admit it ; but you must remcinber tlic difficulty consists in 
this, the rays fall more obliquely on the glass from those points 
than from the middle, and therefore the refraction is very different. 
The ray b f in the centre sullers no refraction, h d is refracted 
into and if another ray went from n, as K d, it would be re- 
fracted to somewhere between 1/ and «, and the rays from A 
miist, for the same reason, be refracted to a, 

J, If the object a b c Is bconflht nearer to the glass, wiU the 
picture be remoyed to a greater cnstance ? 
T. It will : for then the rays will fatt more diverging upon the 

flass, and cannot be so soon collected into the eorrei^Qnding points 
ehind it. 

C. From what you have said, I see that if the oliject a b c be 
placed in P, the rays, after Refraction, will go out parallel to one 
another ; and if brought nearer to the glass than i', then they will 
diverge from one another, so that in neither case an image will be 
formed behind the ieus. 



con\t:rsation vii. 

Inu^ tfObjtck tMverUd—Of (he SciopUie BaU^Of Learn and 

their Foci. 

J. Will the image of a candle^ when leoeiyed through a oonvex 
lens, be inverted ? 
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It wiU, as you shall see. ^ Here is no liffht in this room but 
from the eandle, the rays of which pass through a convex Icus, and, 
bv holding a sheet of paper in a proper place, you will see a com- 
plete inverted ima^ of the candle on it. 

An oliject seen tiirough a very small apertore appears also in- 
Terted, oat it is veiy imperfect compared to an image formed with 
a lens ; it is fmmi for want of light, and it is eonfitied beanise the 
rays interfere with one another. 

C. What is the reason of its being inverted? 

T, Because the ravs from the extreme parts of the object must 
cross at the hole, li' you look througli a very small hole at any 
object, the object appears magnified. Make a pin-hole in a sheet 
of brown paper, anu look through it at the small print of this book. 

/. It is, indeed, very much magnified. 

T. As an object approaches a convex lens, its image departs 
from it ; and as the ooject recedes, its image advances. Make the 
experiment with a candle and a lens, properly mount eil, iu a long 
room : when you stand at one end of tne room, and tluow the 
image on the opposite wall, the Imam is large, but as you come 
nearer to the wall, the image is smaU, and the distance between 
the candle and glass is very mudi increased. 

I will now show you an instrument called a Scioptric Ball, wlueh 
is fastened into a \\dndow-shutter of a room from which aU light, 
is excluded except what comes in through this glass. 

C. Of what does this instrument consist ? 

T. Of a frame a b and a ball of wood c, in which is 
a glass lens; and the ball moves easily in the frame 
in all directions, so that the view of any surrounding 
objects may be received throuf^li it. This instrument 
is sometimes called an artiiicial eye. Well, we will 
now place the screen properly, and tuin the ball to 
the garden: here yon see all the objects perfectly 
expimed; bat thej are all inyerted. 

C, Yon have shown ns in what manner the rays of 
li^ht are refracted by convex lenses, when those rays are parallel : 
wdl there not be a difference if the rays converge or diverge before 
they enter the lens ? 

T. Certainly : if rays eomeerge before they enter a convex lens, 
they will be collected at a point nearer to the lens than the focus of 
parallel rays. But if they diverge before they enter the lens, they 
will then \w collected in a poiut7>^7/r>;^^/ the focus of parallel rays. — 
There are concave lenses as well as convex, and the refraction 
wldch takes place by means of these differs from that which 1 have 
already exj)lained. 

C. What will the effect of rctiatUon be, when ^iarallel rays fall 
upon a double concave lens ? •» 19 
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T. Siqppose the panllel rays abed, &c.y pass through the lens 

^ AB, they will diverge after they haye 
passed ihroiigh the glass. 

/. Is t here any rule for ascertain* 

ing the degree of divergency ? 

T. Yes, it will be precisely so 
raiicli as if the rays had come from 
a radiant ])Oint j-, which is the centre 
Pj^^j^ of the cavity of the glass. 

C. Is tJiat point called the focus ? 
T. It is called the virtual or imaginary focus. 
/. Suppose the kns had been concave ovlj on one side, and the 
otJier fliae bad been flat ; bow would the rajs have diverged ? 

T. They wonhl have diveijied after passing through it, as if they 
bad come from a radiant pomt at the distance of a whole diamet^ 
of the convexity of the lens. 

€. Thereistiienagieatsimilan^intheiefiraotionof thecra^ 

and concave lens. 

T. True : Ww/ort/s of a double convex is at the distance of the 
radius of coiivcxit}^ and so is the imafjinan/ focus of the double 
concave; and the foctts of the plano-convex is at the distance of 
tlie diameter of the convexity, and so is the imayiiiari/ Jocus of the 
plano-coneave. 

You will tind that images formed by a concave lens, or those 
formed by a convex lens, where the object is within its principal 
focus, are in the same position with the objects they represent : 
they are also imaginary, for the refracted rays never meet at the 
foci when they seem to diverge. 

But the images of objects placed beyond the focus of a convex 
lens are inverted and rwl; for the refiracted rays do meet at tiieir 
proper foci. 

Do not forget that tlie effect of convex lenses is to render the 
rays tliat pass tlirough them convergent, and to bring them toge- 
ther into a focus. I'lie efTeet of concave lenses is to render tne 
rays transmitted through them more divergent. 



CON VERSATION YIII. 

Of the Nature and Adcayitages of Light — Of the Separation of the 
Raj/t o/Idght by means of a Frim — And of Comj^nded Rays, ^c. 

T. We cannot CQntempbte the nature of light without being 
struck with the great advantages which we enjov from it. Witboot 
that blessing OUT condition woidd be truly deplorable. 

C. I well remember how fediingly Milton describes his situation 
after he lost his sight 
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With ihe \ ear 
S)-a40iis return; but not to retuma 
Dny, or the sweet npproneh of ev'n or mora. 
Or sitcht of vrrunl bloom, or summer'a rose. 
Or t\<>ckfl, or bertls, or hamnn fnca divine ) 
But cloud tiistend, nnd ever durioip dark 

Surroiiiida rap ; from the ebeerful wmjt of m«B ^ 

CiM off} mui tor Um book of kaowlodfo Ihir, 

PfMMit^ with mm uuirtmA h\mnk 

Of Nature'* work*, to me eipunffcd and rnted» 

And wisdom, at one entrauee, quite shut out. 

T. Yet liis situation was rendered eomfortable by means of 
friends and rclaiiuns, who all possessed the advantages of light. 
But if our world were deprived of light, what pleasure, or even 
comfort, could we enjo^ ? How/' says a good, writer, " could 
we provide ourselyes witli food, and the other necessaries of life ? 
How could we transact the least business ? How oonld we corre- 
spond with each other, or be of the least reciprocal service, without 
%ht, and those admirable organs of the body, which the Omnipotent 
cteator has adajited to the perception of tins inestimable benefit ?'* 

/. But you have told us that tne light would be of comparatively 
small advantage without an atmosphere. 

T. Tlie atmosphere not only rr/W/r/s the rays of light, so tliut 
we enjov longer days tlian wc sliould witliout it, but oeca^sions 
that twiliijlit whicli is so l)onoli(nal to our eves ; t\)r without it the 
appearance and disappearance of tlie sun would liave been instan- 
taneous ; and we should have experienced a sudden transition from 
the bri^test sunshine to the most profound darkness, and from 
thick £rkness to a blaze of light. The atmosphere reflects also 
the light in eveiy direction; and if there were no atmosphere, the 
sun would benent those only who looked towards it, wlulc, to 
those whose backs were turned to that luminary, all would be 
darkness. Ought we not therefore gratefully to acknowledge the 
wisdom and goodness of the Creator, who has adapted these things 
to the advantage of his creatures; and may we not with Thomson 
devoutly exclaim — 

How then ehaU I attempt to tiner of Him 
Who, liffht himself, in onereatea liarbl 
lavMleddcep, dwells nwfully r«til«4 
From mortal eye, or angel's purer ken ; 
Whose aiiig'Ie smile has, from the first of time, 
FtU'cl, ovcrHowing^, all yon Inmps of henven, 
TlnM lirM'.n for evt'r thruug-h tlir boumlU ss sky : 
But shijuiil He hide his t'ncr, th' ustoni.shM sun, 
Anil.iill tir »'x till jruif.ir<l Rtiii^, wiiiihl, liKin'uiiig', rftf, 
"Will*- from ihrir spheres, fiml Clisuis com<t iipfaiu. 

/. T saw in some of your experiments that the rays of light, 
after passing through tlie ^lass, were tinged with ditlerent colours ; 
what IS the reason of this ^ 

T. Formerly, light was supposed to be a simple and unrom- 
poimded body j Sir Isaac Newton, however, discovered that it was 
not a simple suhstanoe, hut was composed of several parts, each 
of which oas^ in faet> a different degree of refrangihilify. 
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C. How is that shown ? 

T. Let the room ])e darkened, and let there be only a very 
small hole in the shutter to admit the sun's rays : instead of a 
lens I take a triancridar piece of glass, called a prism ; now, as in 
this there is notliiiig to bring the rays to a locus, they will, in 
passing tlirough it, suffer different degrees of refraction, and be 
separated into the different oolonred rays, which, bemg reoeived 
on a sheet ol white paper, will exhibit the seven following colours, 
red, crangct yellow, areen. Mm, indigo, and mokt: and now you 
shall hear a poef s onscriptioii of thnn : 

First the Iwnlay rti 
8pnui|r Tlfid Ibtth; the tnwny Ofw^v WMlt| 
And n««t delfef ot» yttlotc ; by whoM «f dc 

Fell the kind bpiirnK of «ll-retVi'shiny gr*vn. 

Theu the pure d>/i<t', that swells naturaUHl skies, 

Etlierenl plny'd ; «nd then, of snddcr httCy 

Kmerg-cd ihi* deepen'd ludigo, ns when 

The lifnvy ikiited eveui ji j{- tito<i]i:^ with fro»t, 

While the liiet g^leamiogs of i-«frftct«d liffht 

DM la ite fhiatisir awftf . TBOmOiv. 

/. Here are all the colours of the rainbow : the image on the 
paper is a sort of oblong. 

T. That oblong image is usually called a spectrum ; and if it be 
divided into 3G0 equal parts, the red will occupy 45 of them, the 
orange 27, the yellow 48, the green and the olue 60 each, the 
in^zo 40, and the violet 80. 

These coloors depend on the number of undulations in a given 
time or a given space. I have told you of the number in time ; I 
may now mention extreme red is produced by 37,640 in an inch, 
ana extreme violet by 59,750. Sir John Hersehel has detected 
a band of light beyond the violet ; it is scarcely luminous ; he 
calls it the lavendermndi. It is almost dark light ; indeed, some 
philosophers have recognized the existence of dark light beyond 
the spectrum by its action on chemical bodies. 

C. The shade of difference in some of these colours seems veiy 
small indeed. 

T. You are not the only person who has made this observation : 
some experimental philosophers say there are but three original 
and tndy distinct colours, viz. the red, yellow, and blue. 

C, What is called the orange is surely only a mixture of the red 
and yellow, between which it b situated. 

T, In like manner the 0ree» is said to be a mixture of the yellow 
and blue, and the violet is but a fainter tin^ of the indigo. 

/. How is it then that li^t, which consists of different colours, 
is usually seen as \?hite P 

T, By mixing the several colours m due proporticm white may 
be produced. 

t/. Do you mean to ai^ that a mixture of red» orange, yellow. 
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grecu, blue, mdigo, and vioie^ iu any proportioOy will produce a 

white ? 

T. If you divide a circular surface into 360 parts, and then paint 
it in the proportion just mentioned, tliat is, 45 of the parts red, 27 
orange, 48 yellow, &c., and turn it round with gre^it velocity, the 
whole will appear of a dirty white ; and, if the colours were more 
perfeot, the white would be so too. 

/. Was it then owing to the sepantum of the different rays, 
tiiat I saw the lambow 0^018 dboat the edges of tiie image made 
with the lensP 

T, It was : some of the rays were scattered, and not brought to 

a focus, and these were divided in the course of refraction. And 
I may tell you now, though I shall not explain it at present, that 
the rainbow in flic licavcns is caused by the separation <Sf th^ rays 
of light into their component parts. 



CONVERSATION IX. 

Of Colours. 

C. After what you said yesterday, I am at a loss to know the 
cause of different colours : the cloth on this table is green ; tluit of 
which my coat is made is blue : what makes the difference in these? 
Am I to believe the poet, that 

Colour* are bat phnntoms of tbe diiv. 

With thnt they 're born, with thnt tney fade «w»y i « 
Like Iwnuty'H cIiHrmn, th«>y but amute the sightt 

Onrk \n theitisclvt'*, till by rrflectiou brig'ht ; 

\Vitli the sun's i\id to riTal him they bonst ; 

But, light witbdrawo, in their own shade* ar« lo«t. HUOHES. 

T, All colours are supposed to exist only in the %ht of lumi- 
nous bodies, such as the sun, a candle, &c., and that lij:^ht falling 
incessantly upon different bodies is separated into its seven primi- 
tive colours, some of which are absorbed, while others are reflected. 

J. Is it from the rciiected rays that we judge of the colour of 
objects ? 

T. It has generally been thoup^ht so ; thus the cloth on the 
table arrests ail the undulationa but those which produce green 
light, which it reflects to tbe eye ; but your coat is of a dirorent 
texbue, and airests all bat the Um rays. 

C. Why is paper and the snow white F 

T. Hie wbiteness of paper is occaflioned by its refieeting the 
greatest part of all the light tliat falls upon it. And every flake of 
snow, bemg an assemblage of frozen globules of water sticking to- 
gether, xe£ets and refracts the light that Ms upon it in all £reo» 



Digitized by Google 



294 



OPTICS. 



f ions, so as to mix it very intimately, and prodnoe a white image 

on the eye. 

/. Does the wliiteness of the sun's hght aiise £K>m a mixture of 
all the primary colours ? 

T. It docs, as may be citsily proved by an experiment ; for if 
any of the seven colours be intercepted at the lens, the imago in a 
great measure loses its whiteness. With the prism I will divide 
the ray into its seven odonn;* I will then take a oonvex lens, in 
order to lemdte them into a single ray, whidi wiQ eihihit a round 
image of shining wMte; but if only five or six these n^s be 
taken with the lens, it will produce a dusky white. 

C. And yet to this white colour of the sun we are indebted for 
all the fine eolours exhibited in natnie : 

Fairest of Heincrs ! fir!>t c rented liprht ' 

Prime cnut^f of benuty ! for t>i)ri) thee nloM 

The Aparklinvr {T' ln, t)i»" TrpptiiM^ race, 

Th«* nobler worlds th«t livr iiiid hrpnthe their chnrmt. 

The lovply hurs peciilinr tn i-.n h tribe. 

From tbj uafkllinif source of splendour draw. Mallbtt. 

T. These are very appropriate lines, for without light the dia- 
mond would lose all its ocauty. 

/. The diamond, I know, owfs its brilliancy to the power of 
reflectin£»' almost all the rays of liLrlit that fall on it; hut are vege- 
table and animal tribes equally indebted to it ? 

T. What does the gardener do to make his endive and lettuces 
white ? 

C. He ties them up. 

T, Tliat is, he shuts out the light, and by these means thev be- 
come blanched. I oould produce yon a tbonsand Instances to snow, 
not only that the colour, bat even the existence of vegetables, 

depend upon li^ht. Close wooded trera have only leaves on the 
imtside ; such is the cedar in the garden. Look up the inside of 
a yew tree, and you will see that the inner branches are almost, or 

altogether, barren of leaves. Geraniums and other greenhouse 

Slants turn their flowers to the li^ht ; and plants in general, if 
Domed to darkness, soon sicken and die. 
/. There are some flowers, the petals of which are, in different 
parts, of different colours ; how do you account for this ? 

T. The flower of the heart's-ease is of thi.s kind; and, if exa- 
mined \*ith a good microscope, it will be found thjit the texture of 
the blue and yellow parts is very different. Tlie texture of the 
leaves of the white and red rose is also different. Clouds also, 
whidi are so various in thenr colours, are undoubtedly more or less 
dense, as well as bcdng differently placed with regard to the eye of 

* A fifura wiU b* ffiwa on this subjset, witk tsplanatioiis, CoaT«r*»tio«i XVIII, oa tk* 
aalttlwv. 
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tlio spectator ; but they all depend oathe light of the sua for their 
beauty, to which the poet refers : 

Bnt ue, the flunh'd bonzon flamea Intense 

With Tivid red, In rich profmlon stnfnm'd 

O'er heavfn's ptin* arch. At mice the clouds nasuiM 

Their g^nrest lireries; th^se with silvery benms 

Friiig-ed lovely ; splendid those in liquid gold ; * 
And spenk their sot' reign's atate. He comes, behold f 
Fountnin of lirht asd Mloar^wanMll Mid Ufiil 
The king of fflory. Mallktt. 

C. Are we to understand that all colours depend on the re- 
flection of the several coloured rays of li^ht P 

T. This seems to have been tne opinion of Sir Isaac Newton ; 
* but he concluded, from various experiments on this subject, that 
every substance in nature, provided it be reduced to a proper 
degree of tliinness, is transparent. Many transparent media re- 
flect one colour and transmit another : gold-leaf reflects the yellow, 
but it transmits a sort of green colour by holding it up against a 
strong light. 

When rays passing through a nanow slit are examined by a 
prism, the apecfanmi is traversed h\ nomerons dark lines : c»ch 
star, the son, the planets, and artincial light, have their own sys- 
tems of dark lines : it is supposed that some of the undulations 
are lost or checked. Tliey are often called Fraonhi^Br's bands, 
from a philosopher who has greatly studied thenu 

/. Two interfering waves of water produce stillness : you have 
shown us that two interfering waves of sound produce silence: 
do two interfering undulations of light produce durhiess ? 

T. Yes ; and this may readily be shown. If two pieces of glass 
from the same plate are inclined on each other, and illuminated 
\Wth a monochromatic or one-coloured light, there will be a series • 
of alternate dark and one-coloured bands ; the dark arise from the 
interference of two waves. K a pin or any small body ia made to 
intercept ravs in a dark box, it will be fringed with colours : in tiiib 
case the unaulations passing on one side of the pm, interfere wiiJi 
those on the othfflr, and produoe 1^ spectral colours. LnmediatdT 
under the pin is a dot ot white light; for the undulations on each 
side here combine. If a disc having a small hole be placed in the 
ath, the undulations interfere in such a manner as to produce a 
ark spot under the hole ; in the one case darkness is changed 
to light, and in the other light to darkness. The colours of soap- 
bubbles depend on the same ; the undulations from the one surface 
interfere with those from the other, and the retardation produced 
gives rise to the varieties of colours. The best mode of making a 
soa])-bubble is to take a 6-ounce phial, one third filled with water, 
and containing a piece of soap the size of a pea, place it in 
a vessel of hot water tiU it boils^ and then suddenly cork it ; remove 
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it, and seal it. By this means most of the air is removed, and a 
gentle shake will produce a fdm that will remain for hours. If a 
lens is pressed on a plate of glass, a series of circular coloured ' 
rings, known as Newton's rings, will be seen : they are due to 
the same law of interference. 13oth these and the coloor of soap- 
bubbles are one colour when looked at, and its oomplimentarj 
when looked ihrouah. The centre is Uadk when looked ai, ana 
white when looked tkrouglL The thidmess of the fifan of air to 
inodooebladc whenlookecltf^ishalf amilHo^ The 
tints mother-of-pearl are doe to a similar canse. 



CONYBRSATION 

Reflected Lights and Plane Mirrors. 

T. We now propose to speak of a different species of glasses, 
viz. of Mirrors, or, as they are sometimes called, specula. 

/. A looking-glass is a mirror, is it not ? 

T. ^lirrors are made of glass, silvered on one side ; they ar© 
also made of highly-polishea metal. There are three kinds of 
mirrors, the plane, tne convex, and the concave. 




^Hufib are conyex and oonoave also, as I shall show jon to-monow. 

But I wish to make some observations first on plane mirrors. In 
the first plao^ if you wish to see the complete image of jonrself 
in a plane minor or looking-glasBy it must be Aalf as long as yon 
are high. 

/. 1 should haye imagined the glass most have been as long as 

I am high. 

T. In looking at your image in the glass, does it not seem to be 
as far beliind the glass as you stand before it ? 

/. Yes ; and if 1 move forwards or backwards, the image beliind 
the glass seems to approach or recede. 
T. Let a 6 he the looking-glass, and a the spectator, standing 

opposite to it« The raj 
mnn his erre wiU be re- 
flected in Ae same line 
a A, but the lay c ^ 
flowing from his foot* 
in order to be seen at 
^ ^ the eye, must be reflect- 

^ ' ed by the line 6 a. 

• 8e« CtfBvtraalioa II. 
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C. So it will ; for if :r ^ be a line perpendicular to the glass, the 
incident angle will be c ^ a*, equal to the reflected angle a h .r. 

T. And therefore the foot will appear behind the glass at d 
along the line a ^ because that is the line in which the ray last 
approaches the eye. 

/. Is that part of the glass a b interoepted Inrthe lines a b and 
A D eonal exactly to half the length B D or a c]^ 

It is : A a b and a b d may be supposed to form two tri* 
angles, the sides of which always bear a nxed proportion to one 
another ; and, if a b is double a a;, as in this case it is, b d will be 
double a or at least of that part of the ghiss interoepted by a B 
and A D. 

/. If I look at the reflection of a candle in a looking-glass, I see 
in fact two images^ one much £uQter than the other ; what is the 
reason of this ? 

T. The reason of the double image is, that a part of the rays are 
immediately reflected from the upper surface of the glass, which 
form the faint image, while the greater part of them are reflected 
from ilie ftrtliBr snzfooe, or simring part, and form the vivid 
image. Tb see these two images you most stand a little sidewise, 
and not directly before the glaiss. 

C. What is meant by the expression of **an image being formed 
behind a reflector? " 

T. It is intended to denote that the reflected rays come to the 
eye ^v^th the same inclination as if the object itself wore actually 
behind the reflector. If you, standing on one side of the room, 
see the image of your brother, who is on the otiier side, in the 
looking-glass, the image seems to be formed behind the glass ; that 
is, the rays come to your eye precisely in the same way as they 
would if your brother himself stood in that place without the in- 
tervention of a glass. 

7. But the image in tlie g^ass is not so bright or vivid as the 
object. 

T, A plane minor is in theory supposed to reflect all the light 
which fiuls upon it, but in practice nearlv half the light is lost, on 
accoimt of the inaccuMcy of the polish, &c. 

C. Has it not been said that Archimedes, at the siege of Syra- 
cuse, burned tiie ships of MaiceUus by a madune compoeeo i of 
mirrors ? 

T. Yes : but we have no certain accounts that may be implicitly 
relied on. M. Bufl'on, about fifty or sixty years ago, burned a 
plank at the distance of seventy feet, with forty plane mirrors. 

J. I do not see how they can act as burning-glasses. 

T. A plane mirror reflects the light and heat coming from the 
sun, and will illuminate and heat any substance on which they are 
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thrown, in the same manner as if the sun shone upon it. Two 
mirrors will reflect on it a double fiiiuntity of heat ; and if 40 or 
100 mirrors could be so placed us to roflort from each the heat 
coming from the sun on any particular substance, they would 
increase the heat 4rO or 100 times. In some such way as this, 
probably, Archimedes' mirrors were disposed. It is generally 
imagined that they were placed so as to fiBil in the interior aor&oe 
of a paraboloid; oat IC Peyrard, in his edition of the of 
Archimedes, proves that this conkl not well be the ease. 



CONVERSATION XI. 

Of Ctmeave Mirron^TAeir Uiei^Mow th^ ad, 

J. To what uses are concave mirrors applied P 

T, They arc chie^y used in reflecting 
telescopes, a b represents a oonoaye mirror, 
and 0 2, c d, e/, three paraM rays <rf lu^t 
falling i^on it. c is the centre of ooncavitj ; 
that is, one leg of yonr compasses being 
placed on c, and then opening tliem to the 
length c d, the other leg will touch tiie mir* 
ror A B in all its parts. 
Fig. 16. /. Then all the lines drawn from c to the 

glass will be equal to one another, as c b, c d, and c ff* 

T. Thev will: and there is another property bc]oiif,niig to them; 
they are all perpendicular. to the glass in the parts where they 
touch. 

c </ is an incident ray, but as it passes through the centre of 
concavity, it will be reflected back in the same line ; 0 ^ is an 
ifidimii ray, and I want to know what will be the direction of the 
reflected ray? 

C. Since c ^ ift perpendicular to the glass at by the angle of inci- 
dence \& a b c \ and .is the angle of reflection is always equal to the 
angle of incidence, I must take another angle, as c ^ 7;;, equal to 
a bo, md then the line bm\A that in which the incident ray will 

move after reflection. 

T. Can you, James, tell me Iiotv to find the line in which the 
incident ray e f will move after reflection ? 

J. Yes : I wOl make the angle ^ f m equal io cf e, and the 
line/»< will be that in which the reflected ray \vill move; and I 
perceive that ^y* is reflected to the same point m 'ds a b was. 

T. If, instead of two incident rays, any number were drawn 
parallel to q d, they would every one be reflected to the same 
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point m, provided the distance ^ /is not too large ; and that point 
which is called the focus of parallel ra^tis distaiit from the mirror 
equal to half the radius c d. 

J. Then we may casOy find the point without the trouble of 
dra^ving the angles, merely by dividing the radius of concavity 
into two equal parts. 

T. You mAy. The rays, as we baye already obser?ed« which 
proceed from any pohot of a oelestlal object^ may be esteemed 
parallel at the earth, and tiierefore the image of that pount will be 
formed m, 

C, Do you mean that all the rays flowing from a point of a 
star, and failing upon such a mirror, will be reflected to the point 
M, where the image of the star will appear ? 

T, I do, if there be anything at tne point m to receive the 

image. 

/. Will not the same rule hold with regard to terrestrial objects P 

T. No : for the rays, which ])rocccd trom any terrestrial object, 
however remote, cannot be esteemed strictly j)arullel ; they, there- 
fore, come diverging, and will not converge to a sinqle pointy at 
the distance of half the radius of the mirror's concavity from the 
reflecting surface, but in separate points, at alittie greater distance 
from themhrror tiian half the radius. * 

C, Can YOU explain tiiis by a flgoreP 

T, I will endeavour to do so. 
liet A B be a concave mirror, 
and H £ any remote object, from 
every part of which rays will 
proceea to every point of the 
miiTor, that is, from the point M 
rays will flow to every point of 
the mirror, and so they will from 
E, and from every point between 
these extremities. Let us see Fi^. n. 

where the rays that proceed from m to a, c, and b, will be re- 
flected, or, in other words, where the image of the point m will be 
formed. 

/. Will all the ravs that proceed from H to different parts of 

the glass be reflected to a single point? 

T. Yes, they will, and the £fficalty is to And that point : I will 
take only three rays, to prevent confusion, vis. M A, K tf, M B ; 

and c is the centre of concavity of the glass. 

C. Then if I draw c a, that line wm be perpendicular to the 
glass at the point a : the augle M a c is now given, and it is the 
angle of incidence. 

/. And you must make another eq\^ to it, as you did before. 
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T, Very well : mt^e c a a*, equal to M ▲ c, and extend the line 
A X to any length you please. 

Now you have an angle m c made with tlie ray m <?, and the 
perpendicular b c, wliieh is another angle of incidence. 

C. I will make the angle of reflection c c z equal to it, and the 
line c z being produced, cuts the line A 4? in a particular point, 
which I will call m. 

T. Draw now the perpendicular c B, and yon hav^ with it and 
the ray M B, the angle of incidence x b c : make another angle 
equal to it, as its angle of reflection. 

/. There it is, c b and I find tiie line b « meets the other 

lines at the point m. 

T» Then m is the point in which all the reflected rays of M will 
eonverffe ; of course, the image of the extremity m of the arrow 
E M wul be formed at m. Now the same might be shown of every 
other pai-t of the object m e, the image of which will be repre- 
sentedf by e w, which you see is at a greater distaace from the 
glass than half c c, or radius. 

C. The image is inverted also, and less than the object; and 
this, I conclude, will always be the case in similar circumstances. 



CONVERSATION XII. 
On Coneave Mirrors and Mpperiments on iiem, 

T, If you understand what we couTened on yesterday, and 
what you have youisdves done, jjou wiQ easily see how the image 

is formed by the large concave mirror of the reflecting telescope, 
when we come to examine the construction of tliat instrument. 
In a concave mirror, the image is less than the object, when the 
object is more remote from the mirror than c, the centre of conca- 
vity ; and in that case, the image is between the obiect and mirror. 
/. Suppose the object be placed in the centre c f 
T. Then the image and oDject will coincide ; and if the object 
is placed nearer to the glass than the centre c, then the image will 
be more rrau)t^ and bigger than the object. 
C. I should IQlc to see this illuatiated by an expeiiment. 
Well, here is a hirge concave mirror: jdace yoondf before 
it, beyond the cenixe of the comcavity ; and, wilii a Httle care in 
adjusting vour position, you will see an inverted image of voniaeif 
in the air "between you uid the mirror, and of a less size tnan you 
are. When you see the image, extend your hand gently towards 
the glass, ana the hand of the image wul advance to meet it, till 
they both meet in the centre of t lic glass's concavity. If you 
carry your hand still farther, the hand of the image will pass by 

# 
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it, and come bctwcrn it and the body : now move your hand to 
either side, and the image of it will move towards tlic other. 

/. Is there any rule for finding the distance at whicii the image 
of an object is formed from the ndrror? 

T. If you know the radius of the mirror's concavity, and also 
the distance of the object from the glass. 

^Multiply the distance and ramus together, and divide the 
product by double the distance less by the radius, and the quotient 
13 tlie disumce required." 

Tell me at what distance the image of an object will be, suppose 
the radius of the concavity of the mirr(» be 12 inches, and the 
object beat 18 inches from it. 

/. I multiply 18 by 12, which gives 216 ; this I divide by 
double 18, or 36, less by ] 2, that is 2 1 : but 216 divided by 24 
gives 9, which is the number of inches required. 

T. You may vary tliis example, in order to impress tlie rule on 
your memory; and I will show you anotlier cxiicrimcnt. I take 
tliis bottle partly full of water, and corked, and place it opposite 
the concave mirror, and beyond the focus, that it may ;ip})ear to 
be reversed: now stand a little fai-ther dibtaul than the bottle, 
and you will see the bottle inverted in the air, and the water, 
which is in the lower nart of the bottle, will appear to be in the 
upper. I will inyert tne bottle, and uncork and, whilst the 
water is running out, the image wOl appear to be filling ; but when 
the bottle is empty, the illusion is at an end. 

C Ck>]icaye mirron are, I believe, sometimes used as burning- 
glasses. 

T. Since, as we have seen, it is the property of these mirrors 
"to cause paralh'l rays to converge to a focus, and since tlie rays of 
the sun are considered as parallel, thev are very useful as burning- 
glasses, and the principal tocus is the oumiiu; ])oint. 

/. Is the image formed by a concave mirror always before it ? 

T. I n all cases, except when the object is nearer to the miiTor 
than the principal focus. 

C, Is tlie image then behind the minor? 

T. It is^ and farther behind the mirror than tiie object is before 
it. Let A 0 be a mirror, and 2 the object 
between the centre k. of the glass and the 
class itself ; and the image x y z will be 
behind the glass, erect, curved, and magni- 
fied, and, of course, the image is farther 
behind the glass than the object is before it. 

J. What would be the elfeet if, instead 
of an opacpic object x r, a luminous one, as a candle, were placed 
in the focus of a concave mirror 't 
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T, It would strongly illuminate a space of the same dimensioa 
as the mirror to a gpreat distance ; and if the caudle were still 
nearer the mirror than the focus, its rays will enlighten a larger 
space. Hence you may understand the construction of many of 
the lamps wliich are now to bo seen in many parts of London, and 
\vliich are undoubtedly a f^reat improvement in liglitin<^ the streets. 
Similar j)rinei})les are often employed in the couatructiou of re- 
flectors for lighthouses. 



CONVERSA.TION XIII. 
0/ Concave and Convex Mirron, 

T. We shall devote another morninff or two to the subject of 
reflection from minors of different kincu. 

C. You have not said anytliing aboat eanvea; mirrors. 

T, The images reflected from these are smaller than the objects, 
erect, and behmd the surface ; therefore a landscape nr a busy 
scene delineated ou one of them, is always a beautiful object to the 
eve. You mav easily concoivo how the convex mirror aimiuishcs 
oojccts, or the imatres of objects, by considering in what manner 
they are magnified by the concave mirror. If a: y in the last 
diagram, were an object before a convex mirror A c, the image by 
reflection would be x z, 

J. Would it not appear curved ? 

T. Certainly : for if the object be a right line, or a plain surface, 
its image most be carved, because the diffmntpoints of the ob- 
ject are not equally distant from the reflector. Li &ot, the images 
formed by convex mirrors, if accurately compared with the objects, 

are never exactly of the same shape. 
(7. I do not quite comprehend m what manner reflectbn takes 

place at a convex minor. 

T. I will endeavour, by a figure, 
to make it plain : c d represents a 
convex mirror standiufr at the end 
of the room, before which the arrow 
A B is placed on one side, or 
obliquely: where must the spectator 
stand to see the reflected image ? 
"if* ^* C. On the other side of the room. 

T. The eye £ wiU represent that situation : the rays from the 
external parts of the arrow, A and b, flow convergingly along a a 
and B 5, and if no glass were in the way, thej would meet at p ; 
but the dass reflects the ray a a alon^ a e, and the ray b h along 
h s \ anc^ as we always trttisfer the image of an object in tiiat 




Digitized by Google 



CONYEX MIKBOBS. 303 

direction in which the rays approach the eye, we see the image of 
▲along the line E a, behind the glass, and the image of B fdong 
£ and, of course, the image of the whole amw is at s. 
By means of a similar diii^;ram, I will showyoumore clearly the 

principle of the coftcare mir- 
ror. Suppose au object c to 
be bevond the focus f, and 
the spectator to stand at z, 
the rays c h and c d iir(> rc- 
llectcJ, and where they meet 
in E the spectator will see 
the imago. 

J, Tmit is between himself and the ol^ect. 

T, He must, however, be for enough uom it to reedve the rays 
after they have diverged from beoaose every eniightcned point 
of an object becomes visible only by means of a cone of diverging 
rays from it, and we cease to see it if the rays become parallel or 
converging. 

C. Is the image inverted ? 

T. Certainly; because the rays have crossed before they reach 

the eye. 

You may see this object in another point of view : let 2* y be a 
concave mirror, and o the centre of concavity : divide o a equidly 
in F, and lake the h;df, the tliird, and the fourth, &c. of r o, and 
mark these divisions \^\,\^ &c. Let a o be extended, and parts 
be taken in it equal to 7 o, at % 3, 4, &c. Now if any of the 
points 1, 2, 3, 4, &c. be the focus of incident rays, the correspondent 
pomt 1, i ^ &c. in o F will be the focus of the reflected rays, 
and vice vena, 

J. Do you mean by that, if incident rays be at i or 1, or the 
reflected rays will be at ^, 3, 4 F 




T. I do : place a caudle at 2, and an inverted image will be seen 
at \ : now place it at 4, and will also move back to \ : these 
im^es may be taken on paper held in those respective places. 

a I see the farther you proceed one way with the candle^ the 
nearer its inverted image comes to the noint f. 

r. True; and it never gets beyona it, for that is the focus of 
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parallel rays after reflection, or of rays that come from an iufiuite 

distance. 
/. Suppose the candle were at o ? 

T. Then the object and image will coincide : and as the image 
of an object between f and a concave speculum is on the other 
side of the speculum, this e^eriment of tiie candle and paper 
cannot be made. 

I will now just mention an experiment that we may hereafter 
make : at one end of an oblong box^ about two feet long and 
fifteen inches ^vide, is to be placed a ooncave mirror ; near the 
upper part of the opposite end a hole is made, and about the middle 
01 the Dox is placea a hollow frame of pasteboard that confines the 
view of the inirror. The top of the dox, next the end in which 
the hole is made, is covered with a glass, but the other half is 
darkened. Under the whole are placed, in succession, different 
pictures, properly painted, which are thrown into perspective by 
the mirror, and produce a beautiful appearance. 



CONVERSATION XIV. 

Of Convex EefieeHm^f OpHeal Ddmcn^^f Jnammphtan. 

C. You cannot, I see, make the same experiment with the candl 
and a convex miiror, that you made yesterday with the concave 
one. 

T. Certainly not, because the ima^ is formed behind the glass; 
but it may, perhaps, be worth our wnile to consider how the effect 
is produced in a miiror of this kind. Let a b represent a convex 




nunor, and A/be half the radius of convexity, and take a f, f o, 
o B, &c. each equal a /. If incident rays flow from 2, the reacted 

rays \^ill appear to come from behind the glass at J. 

/. Do you mean, if a candle be placed at S, the image of it will 
appear to be formed at | behind the glass ? 

T. I do : and if that or any other object be oairied to 3,4, &c., 
the image will also go backward to \, &c. 

C. Then, as a person walks towards a convex sphedcal reileetor. 
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the image appears to walk towards him, constantly inorp^^fting in 
magnitude, till they touch each other at the surface. 

T. You will observe that the image, however distant the object, 
is never farther off than at /; that is, the imaginary focus of parallel 
rays. 

/. The difference then between concave and convex reflections 
i8» that the point /in the former is behind the glass, and in the 
latter it is before the glass, as 9. 

T. Jnst so: from the property of diminishing objects^ ''small 
convex reflectors," says Dr. Gregory, " are made for the use of 
trayellers, who, when fati^ed stretching the eye to Alps 
towering on Alps, can bj their mirror, bring the snbume objects 
into a narrow compass, and gratify the sight by pictures which 
the art of man in vain attempts to imitate." * 

Concave mirrors have been used for many other and different 
purposes ; for, by them, with a little ingenuity, a thousand illu- 
sions may be practised on the ignorant and credulous. 

C. I remember going with you to see an exhibition in Bond 
Street, wliich you said depended on a concave miiTor: I was desired 
to look into a glass ; I did so, and started back, for I thought the 
point of a dagger wonld have been in my face. I. looked again, 
and a death's head snapped at me : andthenl sawamost beantifiil 
nosegay, which I wished to grasp, but it Tanished in an instant. 

T, X will ezphiin how these deceptions are managed : let B 7 be 
a ooncave mirror 10 or 12 inches in diameter^ plaool in one room; 




Fiff. 2S. 

▲ B the wainscot that separates the spectator from it ; but in this 
there is a sqnare or oirealiEur openinff wnich faces the mirror exactly. 
A nosegay, for instance, is invertedat c, and is strongly Ulnminated 
by means of an Argand lamp ; bnt no direct light from the lamp 
falls on the mirror. Now aperson standng at g will see animage 
of the nosegay at D. 
/. What made it vanish? 

T. A person behind the wainscot removed the nosegay, and in- 
troduced the sword and the advancing deatl i s liead. Persons have 
undertaken to exhibit the ghosts of the dead by coutiivances oi 

• Sm BevBOMT of Natut, toU i, p. M, CMoud c4iil«ii* 

20 
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this kind; for if a drawing of the doceised be placed instead of 

the nosegay, it may be done. 

K a lar<^o concave mirror be f jlaccd before a blazing fire, so as 
to reflect Uie image of the lire on the fliip of a bright mahogany 
table, a spectator suddenly introduced into the room will suppose 
the fire to be on the table. 

If two large concave mirrors, a and b, be placed opposite each 

other, ut the distance of several 
feet, and red-hot charcoal, or an 
iron ball, be pat in the focasD, 
and some ^j^wer in the other 
foeos c, it wdl pnsently take 
fire, litis expcnment may be 
Taried by placing a thermometer in one focus and lighted charooai 
in the other, and it will be seen that the quicksilver in the ther- 
mometer will rise as the fire increases, though another thermo- 
meter, at the same distance from the fire^ but not in the focus of 
the ghtss, will not be alTeeted by it. 

At the Polytechnic Institution are two very large reflectors of 
this kind: they are placed at the opposite ends of the long gallery, 
80 or 100 feet apart ; a fire is placed in the focus of one, and a 
chop or steak in the focus of tlie other, and the meat is cooked. 
Bat I most not go on telling you about the refleotion of heat, for 
ygfat is oar presoit snbject. 

/. I have seen eonea?e glasses, in ▼hich my face has been ren- 
dered as long as my arm, or as broad as my body: how are tiiese 
made? 

T. These images are called tmamorphose^, and are produced from 
ej/lindrital concave mirrors ; "and a.s the mirror is placed cither 
vpright or on its ude^ the image of the picture is distorted into a 
very long or very broad image. 

In the cloister of Minims, at Paris, there are two anamori)hoses 
traced upon two of the sides of the cloister, one representing a 
Miigdalcn, and the other St. John writing his Gospel. These, wlicu 
viewed directly, seem like a kind of lanuscape, but, from a particu- 
lar point itf sight, they appear very distinctly like human ngures. 

Eeieeting sni&oes may be made of . various shapes, and if a 
rejralar figure be placed before an inegnkr reflector^ the imitte 
wm be defoimed; bat if an olneot, as a picture, be painted ae* 
formed, according to certain rules, the ima^ will appear regular. 
Such figures and reflectors are sold by opticians, and they serve to 
astonish those who are ignorant of these subjects ; but you will 
readily comprehend their nature from what has just been remarked. 
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CONVERSATION XV. 

qf the BiffermU Farti of tie J^. 

C. Will you now describe the nature and construciion of the 
telescope? 

T. 1 think it will be better first to explain the several parts of 

the eye, and the nature of vision in the simple state, b^oie we 
tieat of those instruments which are designed to assist it. 
/. I once saw a bullock's eje dissected, and was told that it was 

analogous to the human eye in its several parts. 

T. Tiie eye, when taken from the socket, is of a globular form, and 
it is composed of three coats or skins, and three other substances 
called humours. The Hrst figure repredeuls the section of an eye. 




r\g. 25. rig. M. 

that is, an eye cut down the middle ; and the second the front 
view of an eye as it appears in the head. The external coat, 
idanAk is represented m the onter dide abode, is called the 
9eteniie»; 1»e front pan of this, namelv, c d, is perfectly trans- 
parent, and is CEdled the cornea; beyona this, towwds B and £, it 
IS iHiite, and called the white of the eye. The next coat, wMch 
is represented by the second circle, is called the cAaraideB, 
J. This circle does not go aU round. 

T. No : tlic vacant spnce a Ij is that which we call the pupil, 
and througli this alone the light is allowed to enter the eye. 

C. What do you call that part which is of a beautiful blue in 
some persons, and in others brown or almost black ? 

T. That, tis a c, b a,is part of the choroides, and is called tiie iria* 

C. The iris is sometimes much larger than it is at another. 

T. It is composed of a sort of network, which contracts or ex- 
pands, according to the force of the light in which it is placed. 
Let James stand in a dark corner for two cnr three minntes : now 
look at his eyes. 

C. The iris of each is very small, and the pupil large. 

T. Now let him look steiidily, rather close to the candle, 

C. The iris is considerably enlarged, and the pupil of the eye I8 
but a small point in oompanson of what it was Wore. 
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T. Bid jon never feel uneasy, after sitting some time in the 
dark, when candles were snddenlV brooght into the room P 

/. Yes : I remember, last Friday evenkg, we had heea sitting 
half an hour almost in the dark, at Mr. Webb's, and, when can- 
dles were introduced, every one of the company complained of the 
pain which the sudden li^ht occasioned. 

T. By sitting so long in the dark, the iris was contracted veijr 
much : of course, the ])upil boins: very larc^o, more light was ad- 
mitted than it could well bear; and therefore, till time was allowed 
for the iris to adjust itself, the uneasiness would be felt. 

C. IMiat do you call tlie third coat, which, from the figore, ap- 
pears to be still less than the clioroides? 

T. It is called the retina, or network, which serves to receive 
the images of objects produced by the refraction of the different 
hnmonrs of the eye, and painted, as it were, on the snrfoce. 

C» Are the hnmours of the eje intended for refracting the rays 
of light, in the same manner as glass lenses. 

T. Thej are ; and th^ are called the vOreous, the effstalUnej 
and the agueoi/s humours. The vitreom humour fills up all the 
space zz, at the back of the eye; it is nearly of the substance of 
melted glass. The crystaUinr is representea by dfy in the shape 
of a double convex lens, and aqueous, or watery humour fills up 
all that part of the eye between the crystalline liomour and the 
cornea c x j). 

J. l\Tiat does the part a at the back of the eye represent ? 

T. It is the optic nerve, which serves to convey to the brain the 
sensations produced on the retina. 

C, Does the retina extend to the brain P 

T, It does : and we shall, when we meet next, eodeaYonr to 
explain the office of these hnmonrs in effeotmg vision. In the 
mean time I wonld request you to couuder again what I hare told 
yon of the different parts of the eye; and examine, at the same 
time, the last two figures. 

J. We will : but you have said nothing about the uses of the 
eyebrows and eyelashes. 

T. I intended to have reserved this to another opportunity; but 
I may now say, tliat the eyebrows defend the eye from too strong 
alight; and they preserve the eyes from injuries by the sliding 
of substances down the forehead into tli(;ni. 

The eyelids act like curtains to cover the eyes during sleep ; to 
protect them from accidental violence ; to exclude the Mit when 
most offensive ; and, when we are awake, they diffuse a fluid over 
the eye, which keeps it dean, and well adapted for transmitting 
the rays of light. 

The eyelasoes^ in a thousand instances^ guard the eye fixmi 
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danger, and protect it from floating dust, with which the atmo- 
sphere abounas. So mercifiillv does the Author of Nature pro- 
\idc against injury to this delicate organ, e?en by means of its 
omamentaL appendages. 



^ CONVERSATION XVL 

Of the Ejf€ mid the Manner of Fision. 

C, I do not miderstand what yoa meant, when you said the 
optic nenre served to convey to tiie brain the sensations produced 
noi the retina. 

T, Nor do I pretend to tell you in what manner the image of 
any object painted on the retina of the eye is calculated to convey 
to the mina an idea of that object : but I wish to show you, that 
the images of the various objects which you see are painted on tlie 
retina. Here is a bullock's eye, from the back part of whicli I 
cut away the three eoats, but so as to leave the vitreous humour 
perfect : I will now put against the vitreous humour a piece of 
white paper, and hold the rye towards the window: what do you see? 

/. The figure of the window is drawn upon the paper ; but it 
is inverted. 

T. Open the window, and yon will see the trees in the rarden 
drawn a|X>n it in the same inyerted state, or any oilier bri^t ob- 
ject that is presented to it. 

C. Does the paper in this instance reiwesent the innermost coat 
called the retina? 

T. It does; and I have made use of ipsoper, beeanse it is easily 
seen through, whereas the retina is opaque : transparency would 
be of no advantage to it. The retina, by means of the optic 
nerve, is extended to the brain, or, in other words, the optic nerve 
is an extension of the retina. 

/. And does it, as one may say, carry to the brain the news 
of every object that is painted on the retina? 

T. So it should seem; for we have an idea of whatever is drawn 
upon it. I direct my eyes to you, and the image of your person 
is painted on the retina of my eye, and I say i see you. So of 
anything else. 

C. Ton said the rays of light proceeding from external objects 
were refracted in passing through the different humours of the eye. 
T. They arc, and converffcd to a point, or there woold be no 

distinct picture drawn on the retina, and, of course, no distinct 
idea conveyed to the mind. T will show what I mean by a ligure, 
takhip^ an arrow again as an illustration. 
As every point of an object a b c sends out rays in all direc- 
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fall upon the com^ between x and jr, and, by passing through 
the humonrs of the eye, they will he converged, and brought to 
as many points on the retina, and will fonn Oil it a distiuct in- 
verted picture^ cb a,Qi the object. 



/. ThisudoiBemthe88iDe]Daii]i0ra8yoa8k>wedii8b7B^^ 

of a doable convex lens. 

T. All three of the humours have some effect in refracting the 
rays of light, but the crystalline is the most powerful ; and that is 
a complete double convex lens : and you see the rays from a arc 
brought to a point at a ; those at b will be converged at hy and 
those from c at <?/ and, of course, the intermediate ones between 
A and B, B and c, will be formed between a and h, and b and c. 
Hence the object becomes visible by means of the image of it 
being drawn on the retina. 

C. Sinoe the image is inverted on the lelim^ hoiw is it thad we 
see fhinp in the proper posfticmP 

T. This is a proper qoestum, hnt one that is not very readilj 
answered. It is well known that the sense of tonoh or feeling 
TOiy much assists the sense of sight ; some paintings are so ez- 
q[iiisitely finished, and so much resemble sculpture, that the eye is 
completely deceived ; we then natorally extend the hand to aid 
the sense of seeing. Cliildren, who have to leani the use of all 
their senses, make use of their hands in everythinc:; they sec 
nothing which they do not wish to liandle ; and thcretorc it is not 
improbable that, by the sense of tlie touch, they learn, unawares, 
to rectify that of seeing. The image of a chair, or table, or other 
object, is painted in an inverted position on t he retina ; they feel 
and handle it, and find it erect ; the same result perpetnallv recurs, 
so that, at length, long before thej can reason on the soDject, or 
even describe their fedinff by speech, the inverted image gives 
them an idea of an erect omect. 

C. I can easilT oonoeive that this would be the case wit h com- 
mon otgect^, siiui as aie seen efeiy diij and honr. But will there 
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be no difficulty in supposing that the same must happen with re- 
gard to anything wliich I Kad never seen before ? 1 never saw 
ships sailing on the sea till witliin this month ; but when 1 lirst 
saw them, they did not appear to me in an inverted Dosition. 

T, But vou hare seen water and land beioK^ ana they appear 
to yon, by oabit and eKp^nenoe^ to be lofwennos^ though thev are 
painted on the eye in a different pontum: and tiie Ix^tom of the 
ship is next the water, and, consequently, as you refer the water 
to the bottom, so you must tiie hull of the ship, wliieh is ccHineoted 
with it. In the same manner all the parts of a distant proapeet 
liavc a natural arrangement with respect to each other; and, 
therefore, though there may be a hundred obiects in the landscape 
entirely new to you, yet, as they all bear a relation to one another, 
and to the earth in which they are, you refer them, by experienoey 
to an erect position. 

/. How IS it that, in so small a space as the retina of the eye, 
the images of so many objects can be formed ? 

T, Dr. Faley* tells us, " the prosj^ct from Hampstead Hill is 
eomj^essed mo the ocmipaas oc aaizpeno^ yet oircomstantially 
represented. A stage-coach approaehing you« at its ordinaiy rato^ 
for half an honr, passes in the eye on^ over the twelfth part oi 
an ineh, yet the change of place is distiiictljperoeLyed t^ugfaout 
its whole progress." Now what he asserts we all know is true : 
go to the window, and look steadily at the prospect before yon, 
and see how many objects yon can discern without morag ^nr 
eye. 

/. I can see a great number very distinctly indeed; besides 
which I can discern others, ou both sides, which are not dearly 
defined. 

C. I have another difliculty ; we have two eyes, on both of 
which the images of objects are painted; how is it that we do not 
see e very object double P 

T. When an object is seen distmotly with both eyes, the axei 
of them are directed to % and the object appears single ; for the 
optic nerves are so framed, that the correspondent parts in both 
eyes lead to the same place in the brain, and excite but one sensa- 
tion. But if the axes of both eyes are not directed to the object, 
that o])jcct seems double. 

/. How does that appear ? 

2\ Look at your brotner, while I push your right eye out of its 

place towards the left. 

/. I see two brothers, the one receding to the left hand of the 
other. 

« ^i i- Puiry'ii NHti.ini Tlxolugry, pAfe 96, 7th •dJUoa } orpag'a 18 io Um Attslysit of tlmt 
work the Author of the$t Dialogun. 
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T. The reason is this : by pushing the eye out of its natural 
place, the pictures in the two eyes do not fafi upon correspoudent 
parts of the retina, and fherefm the senBstioiis ficom each eye are 
excited in different parte of the brain. When any point of an 
object is seen distinctly with both eyes, the axes of both are di- 
rected to that point, and meet there, Mid tiien the object appears 
single, though looked at with both ^es^ 

oecong with both ^es at once enables ns to judge more ac- 
curately of distances than we could possibly if we saw with only 
one. The same may be observed with respect to position. Shut 
one eye, and then try to snuff a candle ; it is probable you ¥Fili 
make several efforts blefore you will succeed. 



CONVERSATION XYII. 
O/JSjpeeiaelei, ami of Mr Usei. 
C. Why do people wear spectacles P 

T, To assist the sight, which may be defective from Tarioms 
causes. Some eyes are too flat, others are too convex : in some 
the humours lose part of their transparency, and on that acoonnt 
much liffht that enters the eye is intercepted and lost in the pas- 
sage, and every object appears dim. Without light, the eye would 
be a useless macliinc. Spectacles are intended to collect uie llf^t^ 
or to bring it to a proper dcCTee of couvergency. 

C. Are spectacle-glusses always convex ? 

T. No : they are convex when the eyes are too flat ; but, if tlie 
eyes arc aheady very con\ ex, then concave glasses are used. You 
know the properties of a convex glass ? 

/. Yes ; it is to make the rays of light converge sooner than 
they would without. 

21 Suppose, then, a person is unable to see objects distincflT, 
owing to the oomea cd, or to the OTBtaUine humour or both. 




bcin£? too flat. The focus of rays proceeding from any object, x, 
will not be on the retina, where it ought to be, but at z beyond it. 
C. How can it be beyond the eye? 

It would be beyond i^ if there were anything to reoeiye it; 
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as it is, the rays flowing from r ^yill not unite at d, so as to render 
vision distinct. To remedy tiiis, a eonvex glass mn \& placed be- 
tween the object and the eye, by means of whkli the rays aie 
brought to a fooos sooner, and the image is formed at d. 

J, Now I see the reason why people are obliged, sometimes, to 
maJce trial of majQ^ pairs of spectacles before they get those tiiiat 
will suit them, lliey cannot tell exactly what degree of oonvexiiy 
is necessary to bring the focus just to the retina. 

T. That is right ; for the shape of the eye may vary as mnch as 
that of their countenance; of course, a pair of spectacles that 
might suit you, would not be ada})ted to another, whose eyes 
should require a similar aid. — ^What is the property of concave 
glasses ? 

C. They cause the rays of light to diverge. 

T. Then for very round and globular eyes these will be useful, 
because, if the cornea c d, or crystalline humour be too convex, 
the rays flowing from » will tonite into a focias fa^ore they airire 
at the retina^ as at e. 




Figr- 29. 



C. If the sight thou depend on sensations produced on the re- 
tina, such a person will not see the object at all, because the image 
of it does not reach the retina. 

T. True : but at z the rays cross one another, and pass on to 
the retina, where they will })roduce some sensations, but not those 
of distinct vision, because they are not brought to a focus there. 
To remedy this, the ooneave g^ass mniA interposed between the 
olject and the eye, which canses the rays coming to the eye to 
diverge: and, being more dirergent when they enter the eye, it 
requires a verv oonyez cornea or crystalline to bring them to a 
focus at the retina. 

/. I have seen old people, when fliamining an object, hold it a 
good distance from their eyes. 

T. Because, their eyes being too flat, the focus is t]iro\\ni beyond 
the eye, and tliereforc they hold the object at a distance to bring 
the focus Zy in the last fif^urc but one, to tlie retina. 

C. Very short-sijn^htcd people bring objects close to their eyes. 

T, Yes; I once knew a young man who wiuj apt, in looking at 
his paper, to rub out with his nose what he had written with his 
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pen. In this case, bringing tlie object near the eye produces a 
similar effect to that produced by concave glasses : because, the 
n("arer the object is brought to the eye, the greater is the angle 
under which it is seen ; that is, the extreme rays^ and, of course, 
all the others, are made more divergent. 
J. i do not understand this. 

T. Do you not P Look, then, to this diam-am, in which let £ 
be the eye, and the olyeet ah aeen and luao «k j?« double the 




flf . 80. 

distance; villnjol the same object i^pearnnder diffieient angles to 
an eye so situated? 

/. Yes, certainly; a b d will be larger than CBi, and will in- 
clude it. 

T. Th(;n the object being brought very near the eye has the 
same effect as magnifying the object, or of causing the rays to 
diverge ; that is, though a b and c d are of the same lengths, yet 
a by being nearest to the eye, will appear the largest. 

C. You say the eyes of old people become flat by age j is that 
according to the naturid course of things P 

T. It IS ; and therefore persons who are very short-sigbted while 
youngwill probably see well when they grow old. 

/. That 18 an adlrantaffe denied to common e^es. 

T. Bnt people, blessea with common sight, snonld be thankfdl 
for the benefit they derive while young. 

And I am sure we cannot too highly estimate the science of 
optics, that afforded such assistance to defective eyes, whidi, in 
many circumstances of life, wonld be useless without them. 

T. Spectacles were known and used long before the principle 
of the microscope and telescope was brought into action. Salvinus 
Armatus, a nobleman of Florence, claimed the honour of the in- 
vention of spectacles : he died in 1317, and the fact was inscribed 
on his tomb. But it is generally believed that Alhazen was the 
real inventor, 50 or 60 years prior to this period. 



CONYERSATION XVm. 

Oftke Eainbow. 

T. You have frequently seen a rainbow ? 
C. Oh, yes ; and very often 1 liave seen two at the same time, 
one above the other ; the lower being by £ar the more brilliant. 
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T. This is one of the most beautiful phenomena in nature ; it 
never niukes its appearance but when a spectator is situated be- 
twee]i tlie sun ana the shower which occasions it. It is thus 
described bj Thomson : 

BaflMtad ttvm 70B •utoni eload 
Beatridiny MTth| «Im ffr»nd •thenal bov 
8ho«U op immenie ; nud eVrr hiw imfoldSt 
In Mr proportioD, runniaif mm iht rtd 
T» wlien tlM vtolat fkdM teio On akj. 
Hcrr, awflil Nvirtett, tha dlnolTliiir el«nd« 
Form, firontlngr on the aun. thy show'rj ytlni ; 
And to the sta^e-inttnicted rye uufold 
The various wiue of lip^ht, by thee dlMlMSd 
From the white min^ling^ maie. 

Is a rainbow occasioned by the falling drops of rain ? 
T. Yes ; it depends on the reflectionasS lefraction the raja 

of the sun by the falling drops. 

C. I know now how the rays of the sun are refracted by water, 

but are they reflected by it also ? 

T. Yes ; water, like glass, reflects some rays, while it transmits 
or refracts others. You know the beauty of the rainbow consists 
in its colours. I will show you the colours first by means of the 
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prism. If a ray of light s be admitted into a darkened room, 
through a small hole in the shutter x y, its natural course is along 
to the line«/; but if a glass prism <z c be interposed, tlic whole 
ray will be bcut upwards ; and, if it te received on any white 
surface, as m n, it will form an oblonf imi^ p t, the breadth of 
which is equal to the diameter of the nole in the dintter. 

/. Bnt how is the light, which is admitted bj a eireular hole 
in the ydodow, spread out into an oblong P 

T. If the ray were of one snbatance, it would be equally bent 
upwards^ and make only a small circular image. Since, therefore, 
ti£e imM;e or picture is oblong, it is inferred, that it is formed of 
rays differentfy refrangible, some of w hich arc turned more out of 
the "way, or more upwards tlian others : those which go to the 
upper part of the spectrum being most refrangible, those wlikh go 

the lowest part are the least refrangible ; the intermediate ones 
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po"^scss more or less refran^bility, accord ini^ as they are painted 
on the spectrum. Do you sec the seven colours ? 

C. Yes i here is the violet, indigo, blue, green, gellow, orange, and 
red. 

T. These colours will be still more beautiful, if a convex lens 
be interposed, at a proper distance, between the shutter and the 
prism : you may easily recollect both the names of the colours 
ud tiieir oider,'by forming with fheir initiab the nmemonie woid 
Pibgyor 

7. How does this apply to the rainbow? 

T. Suppose A to be a drop of rain, and s <:? a ray from the sun, 
idling iqKm or entering it at it will not go to ^, but be refracted 
to », where a part will go out, but a part also will be reflected to 

where it will go out of the drop, which acting hkc a prism, 
separates the ray into its primitiT6 colours ; the violet will be 
uppermost, the red lowermost. 



rig.Bt. 

la A* aWv* mi R Md af r^iMnt rti w.f ; Md ▼ amd T«Mif nyi. 

'C, Is it at any particular angle that the colours are formed ? 
T, Yes, they are all at fixM aii||^es; the least lefrangib^ or 
red, makes an angle with solar moident ray, equal to a little 
more than 42 degrees ; and the violet, or most lefinmgible ray, wiU 

make w ith the solar ray an angle of 40 degrees. 

/. I do not understand which arc these angles. 

T. The ray s d would go to / c, therefore the angle made with 
tlic red ray is s/ q, and that made with the violet ray is s ^; the 
former 42° 12', the latter 40° 17'. 

C. Is this always the case» be the suu either high or low in the 
heavens ? 

T. His; but the situation of the rainbow will vary, according 
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as the sun is hi^h or low ; that is, the higher the sun, the lower 
will be the rainbow : a shower has been seen on a mountain bv a 
spcetatot in a vaiiey> bj which a complete circular raiabow lias 

been exhibited. 

/. And I once remember standing on Morant's Court Hill, in 
Kent, v,]wn there was a heavy shower, wlule the sun shone very 
bright, aud all tiic landscape beneath^ to a vast extent^ seemed to 
be paiuted with the pnsmatio colours. 

T. I recollect this well; and peiliapB to some snoh sceBes 
Thomsoa alludes ; it was certainly the most beantiM one I eyer 
beheld: 

HlWt, ttTi — the clouds distil the tobj abownf 
8hln« out distiuct adowa the vratny tim»; 
While o'er our heads the dewy vision bendt 
OsiifhcftU. M«ltingr on Um imi4» b«a«atk. 
MyriMB oroitnKliug dyes trmn tlwMi«aalt» 
And myriads still rrmaio : InflDfta MaiW 
Of Ivenuty, ever blushing', ever new. 

C, You have not explained the principles of the upper or fainter 
bow, 

T. This is formed by two refractions and two reflections : sup- 
pose the ray t r to be enteriug the drop b at r. It is refracted 
at r, reflected at s, reflected again at t, and refracted as it goes 
out at «, whence it proceeds^ being separated, to the spectator at ^. 
Here the ooloiirs are rerersed ; the angle formed by the red raj 
is 51^ and that formed by the videt is about 54**. 

J, Does the same thing happen with regard to a whole shower, 
as you have shown with respeet to the two drops P 

X. Certainly ; and by the constant Ming of the lai^ 

is preserved constant and per- ^^^^^^.^ , j jull 

feet. Here is the represent a- * /^^^'^^^^is. 
tion of the two bows. The "'^S^^^^ ^^^^^^ JxK 
rays come in the direction s a, T.^^,^^VAm ra 
and the spectator stands at E, ^^ y * ^"^ '" '" ■* *'* 

with his back to the sun, or, . Fi^. 33. 

in other words, he must be between the sun and the shower. 

This subject may be shown in another way ; if a glass globule 
filled with water be hung sufficiently high Mfore you, ^en the 
sun is behind to appear red, let it descend gradually, and you will 
see in the descent aU the other six colours follow one another. 
Artificial rainbows may be made with a common watering-pot, but 
much better with a syringe fixed to an artificial fountain ; and I 
have seen one foimed by spirting up water from the mouth : it 
is often seen in cascades, the foaming of the waves of the sea, in 
fountains, and even in the dew on the grass. 

Dr. Langwith has described a rainbow, wluch he saw lying on 
the grounc^ the colours of which were almost as lively as those of 
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the common rainbow. It was extend pcveral hunifaied jards ; 

and the colours were so strmio^, that it might have been seen much 
farther, if it had not been terminated bj a bank, and the hed^ of 
a fiekl. 

Rainbows liave also ])een produced by the reflection of tlie sun*s 
beams from a river ; and Mr. Edwards describes one, whicli must 
have been formed by the exhalations of the city of Loudon, when 
the sun had been set twenty minutes. 

In general, however, the theoretical results are these : If the 
sun and tiie s^peetatoE^s eve be in tine herizcm^ llie bow wiiliqppear 
an exact semiciiole ; ana the viaible aegment above the honson 
will OQiituiiiaUY diminish as the son's aKitude increases, until at 
length, when tnat altitude becomes equal to 42^ 2', the primary 
bow will be invisible : and, for the same reason, no secondary bow 
can be observed, unless the altitude of the sun's centre above the 
horizon be less than 54° 7'* 



con\t:rsation xix. 

0/ ike Eejraeting Telescope. 

T. We may now« as you are at Idsure, proceed to describe the 
structure of telescope^, of which there are two kinds, viz. tiie fv- 

fractinq and the i^ecHng telescope. 

C. t'he former, or r^^hic/tW telescope, depends, X suppose, upon 
leasee for the operation; and the r^fieeting telescope acts ehieflj 

by means of mirrors. 

T. Yes : tliosc arc the f^eneral grounds of the distinction ; and 
we shall devote this morning to tlie explanation of the r^raciing 
telescope. Here is one completely fitted up. 

/. It consists of two tubes and two glasses. 

T. Tlie tubes arc intended to hold the glasses, and to confine 
the boundary of the view. 1 will therefore explain the ])rinciple 
by the following figure, in which is represcntea the eye a li, the 




Fir. M* 

two lenses m n, o p, and the object, x y. The lens op^ which is 
nearest the object is called the object-glass, and that, ill Ji, nearest 
to the eye is called the eye-glass. 



Digitized by Google 



BEFBAGTING TELESCOPE. 



319 



C. Is the obiect-§la88 a doable oonvez, and the eye-glass a 

double concave r 

T. It happens so in this particular instance, but it is not neces- 
sary that tlie eye-glass should be concave ; the object-glass must, 
however, iii all cases, be convex. 

C. I see exactly, from the figure, why the eye-glass is concave : 
for tlie convex lens converges the rays too quickly, and the focus 
by that glass alone would oc at e ; aud therefore the concave is 
• put near the eye to make the rays diverge so much as to throw 
them to the retma before they oome to a foons. 
. r. fiat that is not the only leason : by ooming to a focos at 
the image is very small^ m comparison of what it is when the 
' image is fonned on the letina^ by means of the concave lens. Can 
you, James, exphiin ^ reason of all the lines which yoa see in 
the figure ? 

/. I think I can ; there are two pencils of rays flowing from the 
extremities of the arrow, which is the object to be viewed. The 
rays of the pencil flowing from x go on oiverging till they reach 
the convex lens o p, when they will be so refracted, by passing 
through the glass, as to converge and meet in the point .r. Now 
the same may be said of the pencil of rays which comes from y ; and, 
of course^ oi all the peucils of ravs flowing from the object between 
9 and jr. So that uie image of the anow would, by oonraL 
lens, be fonned al b. 

T. And what would happen if there were no other glass? 

/• The rays would cross each other and be divergent, so tha^ 
when they got to the retina, there would be no costinet image 
foimedi but eveiy point, as :r or jv would be spread over a lar^ 
space;, and the ima^ would be confused. To prevent this, the 
concave lens m nva mterposed : the pencil of rays, which would, 
by the convex glass, converge at ^, will now bo made to diverge, 
so as not to come to a focus till they arrive at liie retina ; and the 
pencil of rays which would by the convex glass, have come to a 
point at y, will, by the interposition of the concave lens, be made 
to diverge so much as to throw the focus of the rays to b instead 
of y. By this means the image of the object is magnified. 

T. Can yon tell the leason why the taoes reqnire to be drawn 
oat more or less for different persons P 

C. The tabes are to be adjusted in order to throw the focos of 
ravs exactly on the retina : and, as some eyes are more convex than 
others, the length of the focus will vary iu different persons ; and 
by sliding the tube up and down this object is obtained. 

T. Refracting telescopes are used chiefly for viewing terrestrial 
objects ; two things, therefore, are requisite in them : the first is, 
that they should show objects iu an upright position^ that is, in 
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the same position that we see them without glasses; and the 
second is, that they shall alford a \[\v^q field of view, 

J. What do you mean, sir, by a licld of view ? 

T. All that part of a landscape which may be seen at once, with- 
out moving the eye or iustrumcul. Now, in looking on the iigiire 
a^in, you will perceiye, that the coiica?e lens throw a number of 
the rays beyona the ^uoil c of the on to the iiis cm both sides* 
hat those only are Ti8ible> or go to form an image, which pass 
tlnough the pupil; and, therefore, by a telescope made in this 
way, we middle psurt of the object onl;^ is seen, or, in other words^ 
the prospect is by it very much diminished. 

C. How is that remedied ? 

T. By substituting a double convex eye-glass g h instead of the 
concave one. Here the focus of the doable convex lens is at £, 




FIff. 85. 

and the glass a h must be so much more convex than o /i as thai 
ite focus may oe abo at e : for then the rays flowing from the ob* 
jeot iry, ana passing through the object-^fass o p, will form the 
inyerted image mBd, Now, by inter posms the doable convex 
a h, the image is thrown on the retina, ana it is seen under the 
largo angle D 0 c ; that is« the image mi&d will be magnified to 
the size c E D. 

/. Is not the image of the object in the telescope inverted ? 

T. Yes, it is : for you see the image on the retina stands in the 
same position as the object ; but we always see things by having 
the images inverted ; and, therefore, whatever is seen by telescopes 
constructed as this is, will appear inverted t o the spectator, which 
is a verj unpleasant circumstance with regard to the terrestrial oli> 
jects ; it is on that aocoant ohiefy used for celestial observationB. 

C, Is there any rale for calooktuig the magnifying power of this 
telescope? 

T. It magnifies in proportion as the focal distance of the object- 
glass is greater than the focal distance of the eye-glass. Thus, if 
uie focal distance of the object-glass is ten indies, and that of the 

eye-glass only a single inch, the telescope magnifies the diameter 
of an object ten times ; and the whole nufaot the object will be 
magnified a hundred times. 
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C. Will a small object, as a silver penny for instance, appear a 
hundred times larger tlirough this telescope than it would by the 

mked eye ? 

T. Tdescopes, in general, represent terrestrial objects to be 
nearer and mX largmr : thus looking at the silver pemiT a handled 
yards distant, it witt not appear to be larger, bnt at the distance 
only of a single yard. 

/. Is there uo advantage gamed, if the focal distance of the eje* 
glass and of the object-glass be equal? 

T. None; and, therefore, in telescopes of this kind, we have 
only to increase the focal distance of the object-glass, and to 
diminish the focal distance of the eye-glass» to augment the mag- 
nified power to almost any decree. 

C, Can you carry this principle to any extent P 

T, Not altogether so : an object-jjlass of ten feet focal distance 
will require an eye-p^lass whose focal distance is rather more than 
two inches and a half; and an object-glass with a focal distance of 
a hundred feet mu:>t have an eye-glass whose focus must be about 
tlx Inches lirom it. Howmnch wm each of these glasses magnify P 

C. Ten feet divided by two inches and a half give for a quotifflit 
forty-ei^ht ; and a hundred feet divided by six inches ^ve two 
hnndrea: so that the fonner magnifies 48 times, and t£e latter 
200 times. 

T, Refracting telescopes, for viewing terrestrial objects, in 
order to show them in their natural posture, are usually constructed 
with one object-glass and three eye-glasses» the focal distance of 
these last being equal. 

/. Do you make use of the same method in calculating the 
magnifying power of a telescope constructed in this way, as you 
did in the last ? 

T. Yes ; the three glasses next the eye having their focal dis- 
tances equal, the magnifying power is found by mviding the focal 
distance of the object-glass by the focal distance of one of the eje- 
dasses. We have now said as mudi on the subject as is necessaiy 
to our plan. 

C. What is the constmction of opera-j^asses, that axe so much 
used at the theatre ? 
T. The opera-ghiss is nothing more tiiaa a short reflecting 

telescope. 

The nif/hl telescope is only about two feet lonpr ; it represents 
objects inverted, much enlightened, but not greatly nia^mtied. It 
is used to discover objects, not very distant, but which cannot 
otherwise be seen for want of suMcient light. 

21 



Digitized by Google 



322 



OPTICS 



C0NVEB3ATI0N XX. 

Of B^^!$dkig Tde9eope$. 

T. Tliis is a telescope of a different kind^ and is called a reflect- 
ing tclcscopo. 

The great inconvenience attending refracting telescopes is their 
length, and, on that account, they are not very much used when 
high powers aie Temaied. A reflector of six feet long "will magnify 
as mucli as a le&actor ^ a hundred feet. 

/. Are these, like the refracting telescopes^ made in different 
ways? 

T. They were invented by Sir Isaac Newton, but have been 
greatly improyed since his tune. The following figure will lead 




Flff. 88. 

to a description of one of those most in use. i T represents the large 
tnhe, and / i the small tnbe of the telescope, at one end of which 
is D F, a concave mirror, with a hole in the middle at p, the prin- 
cipal focus of which is at i k ; opposite to the hole p is ft small 
mirror l, concave towards the great one ; it is fixed on a strong 
wire M, and may, by means of a long screw on the outside of the 
tube, be made to move backwards or forwards, a b is a remote 
object ; from wliich rays will flow to the great mirror d f. 

/. And I see you have taken only two rays of a pencil from the 
top, and two from the bottom. 

T. And, in order t^ trace the progress of the reflections and 
refractions, the npper ones are represented by full lines, the lower 
ones by dotted lines. Now the rays at o and b falling upon the 
mirror upon d and are reflecteo, <md form an inTmea image 
at m, 

C, Is there anything there to reoetye the image P 
T. No : and tnerefore they go on towards the reflector L, the 
rays from different parts of the object crossing one aniiyttier ft little 

before they reach L. 

/. Does not the hole at p tend to distort the image ? 

T. Not at all ; the only defect is that there is less li^lit. From 
the mirror l the rays are reflected nearly parallel through p; 
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thm fhej liive to pass tlie plano-mifei: lens which causes 
them to oonveige tA a b, ana the ima^ is now painted in the 

small tube near the eye ; and havin!> brought the image of the 
object so nigh as at a I/, we magnily it by the plano-convex lens s. 
It will appear as hirge ase d, that is, the image is seen under the 
angle c/d. 

C. How do you estimate the magmfying power of the reflecting 

telescope ? 

T. The rule is this : '* Multiply the focal distance of the large 
mirror by the distance of the small minor from the image m : then 
multiply tlie fooaldiataiioe of tiie amall minor by thefo^ distance 
of tlie eye-glass ; and divide these two prodnets bj one another, 

and the quotient is the magniMng power." 
/. It is not likely that we skoma know all these in any instnt- 

ment we possess. 

jT. The following, thei^ is a method of finding the same tiling 
, by experiment : " Observe at what distance yon ean read any book 
with the naked cvc, and then remove the book to the farthest 
distance at which you ran distinctly read by means of the teiescopej, 
and divide the latter by the former." 

The powers of different telescopes may be readily tried and coni- 
j^ared, by looking at double stars, and observing wlicther, and how 
tar, thej separate them. This refers to telescopes of high powers. 

C, Had not the late Dr. Herschel a very large reflecting tele- 
aemP 

T, He made many, but the tube of his mnd telesoqw is nearly 
40 feet long, and 4 fset 10 inches in diaineter. The concave sur- 
ftce of the ^reat nunor is 48 inches of poUshed sui&oe in dia- 
meter, and it magnifies 6000 times. This noble instrument cost 
the doctor four years' severe labour ; it was finished August 28, 
^ 1789, on which day was discovered the sixth satellite of Saturn : 

DttllCfhti'd HtTsrhcl, with reflected liffht, 
Pnrtuea his nuiiunt joiirury through thf uight. 
Detects new g'unrds, tbnt roll their orha nfur, 
la lucid riiiglela rouud the Georg'ian stiir. 

C, I should like to know what Newton's original arrangement 

was. 

T. Instead of looking in at the small mirror, through a hole in 
the larger one, he placed the snudl one at an angle and looked in 
at it, through a hole in the side of the tube. ' 

C. What is an achromatic telescope ? 

T. Do you remember your having observed oolouied figures 
around every object 1^ yon viewed with the podcet telescope 
which your cousm purchased at the fair. Now these coloured 
ftnires appear in a greater or less de^e about objects viewed with 
fSontinKiytelesoopes; they arise €om what is Urmed eimM/M^ 
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aberration. If you look at a lens edgewise, you will see that it is 
really two prisms, joined at tlieir bases in the convex, and at their 

1>oints in the concave, and then romided off. Now prisms analyse 
ight into its component c-olours ; and so do lenses, thoun:h not to so 
great an extent, because they are not prisms of the most favorable 
form. But, by makiug a compound lens of a flint-^ass eoncave 
lens, and a crown-g^aaa oo&tck lena^ tbe diapemhre powers neariy 
neairalise eadi otfier, and an ahnoat odomlesa oljeet is obtainea. 
Dr. Blair obtamed a perfectly achromatio lens by confining muri- 
atic acid between two lenses of flint-glass. 

r. And is that the largest telesco|)e ever made? 
T, Until Teiy lately it was. But it is now far surpassed by the 
monster telescope made by Lord Rosse. Tlie reflector is six feet 
in diameter; it is made of an alloy of copper and tin, in the pro- 
portion of 126-4 of the former to 58 9 of the latter. These niim- 
oers represent the atomic weights or combining equivalents of these 
two metals ; but vou will understand these terms better when we 
talk on chemical science. It is of the enormous weight of three 
tons. By immense perseverance, joined to very great ingenuity, 
the noble nhilosopher overcame a host of aj^parently insurmount- 
aUe difficiuties, and anived at alMwIate oertamty in caatmg perfect 
speoola. The madime by which the snx&oe was siomid and 
polished Is another fllnstration ai first-rate mechanics ingenuity. 
The tube of the telescope is 56 feet long ; the focal length of the 
speculum 52 feet. Tlie diameter of the tube is seven feet ; it is 
made of inch-deal hooped with iron. It is fixed to sohd masoniy 
by a universal joint ; and by means of walls, and scaffolds, and 
ropes, and counterpoises^ it can be directed to eyeiyiequisite point 
of the heavens. 

C. And what discoveries have been made with this instrument ? 

T. Ilis lordship has not published Ids untinished researches ; 
but several facts have come to us. Its magnifying power is so 
great, that objects soon pass from the field of view. The most 
startling proof of its superiority is the great quantity of light it 
presents; so that many lunar phenomena which had not been 
seen before have now presented themselves. Lord Bosse's great 
expectations are in the examination of donUe stars and nebnw. 

C. What are nebulsB? 

T, The milky way is a nebula, or dond of stars, of which our 
sun is one : but out beyond this system are nnmenras oth^ sys- 
tems, which, under ordinaiy powm, i^pear merely as a mis^ or 
nucleus of liglit ; liiglicr powers have resolved most of them into 
stars : but there arc sonic that have still maintained their nebulous 
character under the highest powers that have been employed; so 
much so, that some pkiiosophers have been induced to think that 
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power is first manifested in the prodnoHon of nebulous 
matter ; and that these graduaUy ooucentrate and become consoli* 
dated into suns or planets. But tlie revelations of Lord Eosse's 
telescope tend to the overtiuow of tliis theory. 

C. Can you tell us any more about this glorious instrument ? 
* T. The whole was executed at the sole expense of this spirited 
and talented nobleman, in his own laboratory and workshoi)s at 
Parsonstown, immediately under his own eye, by artisans instructed 
by himself. It cannot have cost less than twelve thousand pounds, 
besides the large sums that have been sunk in unsuccessfid expe- 
riments. The character given of his lordshii) is, " talent to divme 
•—patience to bear disappointment — perseverance — profound ma- 
thematical knowledge— mechanical skill — uninterrupted leisure 
firaon other pursuits all of wfaioih are brought to bear by his 
haying ''a great oommand of mxoef** I shouM mention that he 
made first a three-feet reieoting telesoope. 



OONYEBSATION XXL 

0/ the Microscope — Its Principle — Of ike Single Microscope^Cf 
ike Compoimd Microscope — Of ike Solar Mieroteope, 

T. We are now to describe the microscope, which is an instru- 
ment for viewing very small objects. You Jcnow that, in general, 
persons who have good sight cannot distinctly view an object at a 
nearer distance than about six inches. 

C. I cannot read a book at a shorter distance than this ; but if 
I look through a small hole made with a pin or needle in a sheet 
of brown paper, I can read at a very small distance indeed. 

T, You mean, that the letters appear, in that oase^ reej mudi 
magnified, the reason of which is, that you are able to see at a 
much shorter distance in this way than yon can without the inter- 
Tention of the paper. Whatever instrument or eontriyanee eaa 
render minute objects visible and distinct is properly a microscope. 

/. If I look through the hole in the paper, at the distance of 
five or six inches from the print, it is not magnified. 

T. The object must be Drought near to increase the angle by 
which it is seen ; this is the principle of all microscopes, from the 
single lens to the most compound instrument. ▲ is an object not 

eleady ▼inbk at nksi distance than i.B; but if the same okjeet 
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be placed in the focus c of the lens tiie rays which pmeed from 
it wiil beeome pmUd, pMuag through the said lens; and 

' 0^ 

Fir* tt* 

therefore the object is distinctly visible to the eye at e, placed 
anj-where before the lens. There are four distinctions in micro- 
scopes : the single, the compound, the solar, and the oxy-hydiogen. 

C. Does the single microscope consist onhr of a lens ? 

T, By means of a lens, a great number of rays prooeeding from 
a point are united in the same aenaiUe point; and aa eadi nj 
eairiea with it the image of point from whence it prooeeded; 
aU the rays united must form an nnage of the object. 

/. Is the imi^ bn^Htr in propwtion as there are more raji 
united P 

2\ Certainljr: and it is more distinct in proportion as their 
natural order is preserved. In other words, a single microscope 
or lens removes the confusion that accompanies objrfts when seen 
very near by the naked eye ; and it magnifies the diameter of the 
object, in proportion as the focal distance is less than the limit of 
distinct vision, whioh we may reckon from about six to eight inches. 

C. If the focal distance oi a reading-glass be four inches, does it 
magniiy tlic diameter of each letter only twice P 

T. Exactly so ; but the lenses used in microscopes are <^en not 
more than or |, or eren of an indi radina. 

/. And in a double conyex the focdi diatanoe ia alwi^ equal to 
the radius of convexity. 

T. Then tell me how mneh lenaea of i |, and ^ of an inch will 
each magnify. 

/. That IS readily done : by dividing 8 inohea, the limit of 

distinct vision, by \, f, and jj,. 

C And to divide a whole number, as 8, bv a fraction, as }, &c., 
is to multiply the said number by the denominator of the fraction : 
of course, 8 multiplied by 4 gives 32 ; that is, the lens whose radius 
is J of an inch magnifies the diameter of the object 32 times. 

/. Therefore the lenses of which the radii are J and ^, will 
magniiy as 8 multiplied by 8, and 8 multiplied by 20 ; that is, the 
former will magni^ 64 times, the latter 160 times, the diameter 
of an object. 

T, You see, then, that the smaller the lens, the greater its mag. 

nifying power. Dr. Hooke says, in his work on the microscope, 
that he nas made lenses so small, as to be ablei» not only to distin- 
gniah the p«rti<to of bodiea It million timea jonaller th^ 
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very narrow 
a candle or 
Tlie end of 



point, but even to make those visible of wliich a million times a 
miUion would haidly be equal to the bulk of the sunllest giain oC 
sand. 

C. I wonder how he made them. 

T. I will give you his description : he first took a 
and thin slip of clear glass, melted it in the flame of 
lamp, and drew it out into exceedingly fine threads, 
one of these threads he melted again in the flame, till it ran into a 
very small drop, which, when cool, he fixed in a thin plate of 
metal, so that the middle of it might be directly over the centre 
of an extremely small hole made in the plate. llere is a imj con- 
raieat single nueraeoope. 

«r. It does not seem, at fint 
dght, 80 simple as those which 
you have just now described. 

▲ is a circular piece of biasi^ 
or it may be made of wood, ivcnry, 
&c., in the middle of which is a 
very small hole ; in tliis is fixed 
a small lens, tiie focal distance is 
o D ; at that distance is a pair of 
pliers D E, which may be aojusted 
oy the slidini^ screw E, and opened 
by means ot two little studs ae; with these any small object may 
be taken up and mwed with tiie eye placed at the other foeos of 
the lens at p. to which it will appear magnified, as at I IC Lei 
OS nofw look at a double or compound microscope. 

/. How many glasses sie tluxe in this P 

T, There are two; and 
the ccnstmction of it 
may be seen by this 
figure ] c d IS called the 
object-ghiss, and e f the 
eye-glass. The small 
object a h \% placed a 
little farther from the 
glass c d than its princi- 
pal focus, so that the pencils of rays flowing from the different 
points of the object, and passing through the glass, may be made 
to oonTerge and unite is as many points between ^ sod ii» when 
the image of the object will be formed. This image is yiewed bj 
the eye-glass ef^ whidi is so placed that the image g h may be in 
the focus, and the eye at about an eaual distance on the other side; 
the lays of each pencil will be parallel, after going out of the eye* 
glass, as at and/ till they come to the ^e at i« by the humours 
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of wliich tliej will be converged and collected into points on tk^ 
retina, and form the large inverted image a b. 

C, 'Piaj, 8ir,bowdo jcm oaknlato the magnifying power of thia 
miciosoope ? 

T, There are two proportioii8» wliich, when founds aie to be 
mulliplied into one anotner : 1st, as the distance of the image 

bom the obieet-glass is greater than its distance from the eye- 
glass ; and So, as the diatance isxm the olgeetia iSm than the limiti 

qL distinct vision.* 

Example 1. If the distance of the image from the object glass 
be 4 times greater than from the eye-glass, the magnifying power 
of 4 is gained ; and if the focal distance of the eye-glass be one 
inch, and the (^stance of distinct vision be considered at 7 inches, 
the magnifying power of 7 is ^ned, and 7x4 gives 28 ; that is, 
the diameter of the object wdl be magnified 2^ times, and the 
surface will be magnified 784 times. 

«r. Bo joa mean that an object will, through sodi a microscope^ 
appear 794 times laiger thanby ^ naked eye f 

T. Yes, I do; piomedthefinut of dutinct ▼isionbe 7ii^^ 
bat some persons who areshort^ighted^ can see as distmetij at 5 
or 4 inches as anotlier can at 7 or 8 ; to the foim^ tiie object 
will not appear so large as to the latter. 

Example 2. What will a microscope of this kind magnify to 
three different persons, whose eyes are so formed as to see dis- 
tinctly at the distance of 6, 7, and 8 inches, by the naked eye : 
supposing the image of the object-glass to be five times as distant 
as from the eye-glass, and tlie focal distance of the eye-^^ass be 
only the tenth part of an inch ? 

C. As five is gained by the distances between the glasses, and 
60, 70, and 80 by the eye-glass, the magnifying powers will be as 
300, 350, and 400. 

/. How is it tiiat 60, 70, and 80 are gdned by the eye-glass F 

€. Because the distances of distinct yision are put at 6, 7, and 
8 inches, and these are to be divided by the focal distance of the 
eye-glass, or by ^ : but, to divide a whole number hv a fraction, 
we must multiply that number by the denominator, or lower figure 
in the fraction ; therefore, the power gained by the distance be* 
tween the two glasses, or 6, must be multiplied by 60, 70, or 80. 
And the surface of the object will be niagnitied in proportion to 
the square ol^300, 350, or 400, that is» as 90^000, I22»500, or 
160,000. 

We now come to the solar microscope, which is by far the 

• The lute Professor Vince g-«»e thp following rule for finditigr the Hnrnr mn^n\fj\rk^ 
power of a rumpound microscope : — " It is equnl to the h-nst dinttince of distinct Tisioa. 
multiplied by the distance of the imng'e from the ohjf ct-R:lnii!t, divided bv the ditWBMCC 
ihfl abjcot ftem Uui el^et-(l«M, nii4.ti|>lit4 bj Um focal ieug th of the ejt^f 
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most entertaining of them all, because the image is maoh larger, 

and, being thrown on a sheet, or other white surfaro, may be 
viewed by many spectators at the same time, without any fatigue 
to the eye. Here is one fixed in the wiudow-sliutter ; but 1 can 
explain its construction l)est by a figure. 

/. Tliere is a looking-ghiss on the outside of the window. • 
T. Yes, the solar microscope (see Fig. 41) consists of a 
looking-glass s o without, the lens a b in the shutter d u, and 
the leiuB n m within the dark room. These three parts are united 
to and in a hrass tube. The kmking-glass ean he turned hj the 
adjusting screw so as to leceire the incment rays of the sun 8 8 s» 
and reflect them through the tube into the lOom*' The lens a i 




oollects those rays into a focus at n where there is another 
magnifier; here, of course, the rays cross, and diverge to the 
white screen, on which the image oi the object will be painted, 

C. I see tiie object is placed a little behind the focus. 

T. If it were in the focus it would be biunt to pieces inimedi* 
ately. The magnifying power of this instrument aepends on the 
distance of the sneet or white screen ; perhaps about 10 feet is as 
good a distance as any. You perceive, that the size of the image 
is to that of the object as the aistance of the former from the lena 
H «i is to that of the latter. 

/. Tlien the nearer the object to the lens, and the farther the 
screen from it, the greater the power of this microsco])e. 

T. You arc right; and if the object be onl^ half an inch from 
the lens, and the screen nine feet, the image inll be 46^050 times 
lamr than the object ; do you understand this F 

a Yes ; the object bemg only half an inch tnm the lens, and 
the image 0 feet or 108 inches, or 216 half inches, the diameter 
of the image will be 216 times larger than the diameter of the 
object, and this number multi|)lied into itself will dve 46,656, 

T. This instrument is calculated only to exhibit transparent 
objects, or such as the light can pass through in part. For opaque 
objects, a different microscope is used^ ttod, indeed, there ia an 
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almost endless variety of microscopes^,* and of them all we may 
say, tliougli ill difTerent degrees — 

The nrtificinl convex will reTenlT 
The furnis (iiminntivc that enrh conceal ; 
. Some so minute, thnt, to tha OM •>tmM« 

Th* nitf n vast Irviathaa wimMMWI} 
That yet of otgKa; functiont, M«M patMlni 
B^MU with aDimals of larartr malts. 
Im ovrioM UmlM and dotmBc thay tmnmm 
Bf fkr tka oMaaUaM of Cha baikf aMiaa. 
A world of beautira! that throuffh all this Amma 
OiMtioa'a |r*^daat nirmelet proolaim. BROWNS. 

But the solar microscope is now seldom used ; for as it depends 
on the shining of the sun for light, in this variable climate of ours 
it is almost certain of being useless when most nccdt d. The oxy- 
hydropren microscope is now used. In this, instead of sunlight, 
the powerful light, produced by allowing a Ughted jet of the mixed 
gases oxygen and hydrogen to play upon lime, is used. In other 
resqpects, we general constraction of tlie instrament is the same. 
Hie perfeotion to wbidi this instrument is brought is inarrelioiuk 



CONVERSATION XXII. 

Of the Camera Oiteura, Magie LanUm, and MMiplying Qlau, ^« 

T. We may now converse upon some misccUaucous subjects j 
of which the first shall be the camera obseura. 
C. What is a camem obsonia? 

T, The meaning of the term is a darkened chamber ; tiie con- 
struction of it is yenr simple, and will be understood in a moment 
by you, who know tne properties of the convex lens. 

A conTez lens, placed m a hole in a window-shutter, will ex> 
hibit, on a white sheet of pap» placed in the focus of the ghm^ 
all the objects on the ontsidei, as fields, trees» men, houses, in 
an inverted order. 

/. Is the room to be ouite dark, except the light which is ad* 
mitted througli the lens r 

T. It ouglit to be so ; and, to have a very interesting picture^ 
the sun shoidd shine upon the objects. 

Is there no other kind of camera obseura ? 

T. A portable one may be made with a square box, in one side 
of which is to be fixed a taln^ having a convex lens in it : vdthin 
the box is a plane ledming backwards from the tube^ inan 
■angle of forly-five demes. 

C. On what does this mirror reflect the ima^ of the object f 

T, The top of the box is a square of unpolished glasa, on which 

. * Tks fvsiavis lofarred to tba sstlior^s 'DlaloKuea on the Miereacepa,' which may ba 

•aMsriksr«uidMts«r«ys«stiu . . ' 
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the picture is formed. And if a piece of oiled paper be stretched 
on tlie glass, a landscape may be easily copied ; or the oatliue may 
be sketched on the rough surface of the glass. 

/. Whj is the minor to be placed at an angle of 45 degrees 
exactly? 

T. The image of the objects would naturally be formed at the 
back of the Ixni opposite to the lens ; in order, therefon^ to throw 
it on the tojx the mirror must be ao plaeed, tiiat the aooig^ of in- 
cidenoe shall be e(}ual to the angle of reflection. In the box, 
according to its original make, the top is at right aojgles to the 
end, that is, at an anf^e of 90 degrees^ therefor^ tiie mirror is put 
at half 90, or 46 d^ees. 

C. Now, the inciaent rays falling upon a surface, which declines 
to an angle of 45 degrees, will be reflected at an equal angle of 45 
degrees, wliich is tiie angle that the glasa top of the box bears 
with respect to the mirror. 

C. Is the tube in this machine fixed ? 

T. No ; it is made to draw out or push in, so as to adjust the 
distance of the convex glass from the mirror, in proportion to the 
distance of the outward objects, till they are distmctly painted on 
tiie horiccmtal g^s. 

Has 9sa real use been made of theoameraP 

T, One of the most happy adaptations of this insimmenl is in 
daguerreotype. Yon remember my telling ^ou that light acted 
chemically on bodies ; a plate of silTcr having its sumce pre- 
pared with certain chemicals that are exceedingly susceptible to 
light is placed in the focus of a good camera, and the picture, 
instead of being rvanoscent, is so impressed upon the plate, that 
a slight further cht nucal process fixes it. Tlie description of the 
particular methods would cause us to wander from our subject. 

/. WiU you now explain the structure of the magio lantern, 
which has long afforded us occasional amusement ? 

T. This little macliine consists, as you know, of a sort of tin 
box, within which is a lamp or candle ; the light of this passes 
through a great plano-omTex lens, placed in a tube flxed in the 
front. This strongly iUnminates tiie oljects^ vhich are painted 
on slips of glas8» and pkoed before the lens in an inTcrted positkm. 
A sheet, or other white sur&cc^ is placed to receive the images. 

C, Bo you invert the glasses on which tiie figoves are £awn, 
in order that the images of than may be erect P 

Yes ; and the ilumiination may be greatly increased, and the 
effect much more powerful, by phuoing a conoaTe mirror at the 
back of the lamp. 

C. Did you not tell us that the pliantamaf/oria, which we saw 
.at the Lyceum, was a species of the magic laktem F 
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T. There is this difference between them : in common magic 
lanterns, the figures are painted on transparent glass, conse- 
quently, the image on the screen is a circle ot" light having a figure 
or figures on it; but in the phantasmagoria all the glass is made 
opaque, except the figure only, which, being painted in transpa- 
rent colours, the light shines through it, and no light can come 
upon the screen but what passes through the figure. 

«r. But theie was no aheet to recdve the jncniie. 

No : the repreaeatation was thrown on a thin screen of silk 
placed between the spectators and the lantm. 

C. What caused the ima^ to appear approaching and receding^ 

T, It is owing to removmg tlie lantern farther nom the screeni 
or bringing it nearer to it ; for the size of the image must in- 
crease as the lantern is carried back, becanse the rays come in 
the shape of a cone ; and, as no part of the screen is visible, ihc 
figure appears to be formed in tne air, and to move farther ofi* 
wnen it oecouies smaller, and to come nearer as it increases in 
size. 

C. Lam sure the dissolving views must be produced by a magic 
lantern. 

T, Thev are; or rather by two lanterns. They are placed 
side by siae, and just enough out of a ponllel to permit their 
images to fiill on uie same part of the sereen. Suppose jon wish 
to represent an empty cathedral^ and then that it shall be gnh 

dually filled with worshippers. Two views of the cathedral are 
painted on glass in transparent colours, one is full of people, the 
other is empty ; one view is placed in each lantern : a eonple of 
screens are fixed as arms to a vertical rod, and they are so ar* 

ranged that, as the rod is gradually elevated by rackwork, one 
screen moves in front of one lantern, in proportion as the other 
moves from the other. So that one view gradually dissolves away, 
and the other as gradually takes its place. 

/. What is the opaque microscope^ that so much interested 
us at the Polytechnic ? 

T, Very much the same sort of thing as the magic lantern ; 
except that the light, instead of passing tiirough the object, shines 
upon it, and is refiecied off through tne lenses, and so onward to 
the screen. This is shown by the lime-light above mentioned; 
its success depends on the management of Sie light, which must be 
very intense, and in large quantities, but must not be so dispersed 
by the mirrors, as only to illuminate parts of the object instead of 
tiae whole.. Mi, Longbottom, the secmary of the Jrolytachnic, to 
whom we are indebted for this instniment, has overcome these 
difficulties. The physiocope is the same instrument, employed to 
depict " the human face divine" in colossal dimenaiona upon the 
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screen, and is a most amusing illustration of experimental optics. 
Tor this, also, we arc indebted to Mr. Longbottom. The kalo- 
trope is a modilication of the dissolving views. 

/. Here is another instrument, the construction of which you 
promised to explain — the mulfiph/ing glass. 

T. One side of this glass is cut into many distinct surfaces, and 
in looking at an object, as your brother, through it you will see, not 
one object only, but as man^ as the glass oontains plane sui^Bioes. 

I ml dnw a figure to illustrate this : let a t b represent a 
glass, flat at the srae next tilie eye h, and cut into three distinct 
flurfiftoes on the opposite side, m a b d b. The object c will 
not appear magmfied, but as rays "will flow from it to all parts of 
the glass, and.each plane surface 
will refract these rays to the eye, 
the same object will appear to the 
eye in the direction of the rays 
which enter it through each sur- 
face. Thus a ray c i, falling per- 
pendicularly on the middle surface, 
will suflcr no refraction, but show 
the object in its true place at c : 
the ray from o falling oUiquely ^ig. 49. 

on the phme surface, a% will Jl>e refracted in the dbrection of 6 0, 
and on leaviojg the glass at e, it will pass to the eje in the direo* 
tlon e B, and therefore it appears at B : and the mj c d will, for 
the same reason, be refracted to the eye in the direction B H, and 
the object c will appear also at d. 

If, mstead of three sides, the glass had been cut into 6 or 20, 
or any other number, there would have appeared 6, 20, &c. 
different objects, differently situated. If with a glass like this 
you look at a luminous object, as a candle, and give to the glass a 
rotatory motion in its own [)lane, the numerous images of the 
candle will a])pear to move round the central image, and thus 
present a very interesting [)icturc incessantly shifting. 

I ma)^ mention one more instrument, the camera lucida. It is 
a four-sided prism ; one of the angles is a right angle, opposite to 
this is an angle of 135^ ; the other two are each 67^°. The prism 
is so held that the two right sides are, one vorticalt the other up- 
ward and horizontal : a ray entering the vertical side in a hori- 
zontal direction, is reflected first by one short side, and then by 
the other, so that it escapes from the horizontal side in a vertical 
direction ; and hence if the eye look downward in this direction, 
the object a])pears beneath it ; so that if a sheet of ])nper be placed 
in this line, the object will appear on the paper^ and a person un- 
accustomed to drawing may readily sketch it. 
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C0NY£R8ATI0N XXIIL 
(M Double Eeff actum ami PolarizatUm of Light, 

J. What is that crystal that I see you have carefully placed oi 

your tabic tliis morning ? 

T. It is Ireland spar ; and I have produced it in order to lead 
you to certain oilier phenomena of light. Look through it at the 
small dot I have made on the paj)er. 

/. You have made two dots, not one — oh, no, tou have not, for 
on removing the crystal, there is evidently but one dot, although 
there at first seemed to be two. 

T, Hus is termed doMe rtfracHon, and is a property possessed 
by the senerality ol crystals^ whose primitive form is not a cabe or 
an octcmedron. One of the images obeys the^ common laws of 
light, and is called the ordinaty ray ; the other is subject to pecu- 
liar laws, and is termed the 0xtraordmafy lay. In some crystals 
there is but one axis or direction* in which the phenomena of 
donble refraction exists, and these only have the ordinary ray ; in 
otiicrs tliere are two axes of double refraction, and these present 
no ordinary ray, properly so called ; for no portion of the light 
that traverses ilicm is suV)ject to the ordinary laws of refraction. 

C. I am very eiirious to know what the other laws may be; for 
I had thought we knew all the leading laws of light. 

T. You are too hasty, my boy : we will aiTive at them in due 
time. This branch of science is termed the polarization of light. 
When a ray of light is reflected at certain angles on poUsM snr- 
faoeSy or is refracted by the same bodies, and then allowed to pass 
through a donble refractmg crYstal, it acquires new properties^ it 
ceases to be reflected by otner oodies at certain angles, and is not 
unusually divided into two rays of equal intensities. 

/. I do not dearly understand you: this word polarizaiion 
puzzles me. 

T. And it has puzzled many a head before yours : it was applied 
by those who coneeived light to be composed of solid particles ; 
they thouglit tliesc were arranged in certain order, as if they had 
poles. ]5ut now, while that theory is forsaken, the inappropriate 
word is maintained. 

C. Then, if you tell us more clearly some of the characters of 
polarized light, and a little of its behaviour, we will forget the 
word, and think of the facts only. 

If a ray of light Ms on a gkss surface at an angle of 
86^ 25', as, m instance, on a piece of blackened glass lying upon 
my sloping desk, it will, of coursei, be reflected towards the ceil- 
ing; it I now catch the reflected ray on a second plate d glass. 
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it will be a^ain reflected, unless the second plate be placed at right 
angles to the rav, so as to rctlect it toward the sides of the room. 
In this case, when the second glass is at the angle of 35° 25' with 
the ray, the ray is not reflected at all, and is actually lost, 

/. What made joa mention that parUouIar angle P 

T, Because I vas speaking of glass SQifiBoes ; hat eveij le- 
flectin^ surface has an ang^e of its own for polarizing hght; 
and this angle bears a certain fixed relation to the remBtiiig in- 
dex of the Dody. I should tell you that the ray is not entirely 
lost when ordinary white light is employed^ because the refracting 
angle for each of the rays of the spectmm is not the same ; bat 
monochromatic rays arc quite darkened. 

C. But if the second plate is not placed at the proper angle» 
what is the result ? 

T. The ray then obeys the laws of ordinary licht : in the two 
proper positions there is no second reflection ; in tlie two at right 
angles to them, the reflection is at its maximum, and it furnishes 
various grades between these two positions. 

C. I suppose daylight is entirely composed of common light. 

T, By no means : sunlight is all common light ; but we are 
dieered br a vast amount of his light reflected to us in all direc- 
tions by the particles of air about us. And a great deal of this, 
especially in clear weather, is refracted and reflected in the angles 
that polarize it. The circle of maximum polarization is about 
90°, according to M. Ara^, from the sun. The same philosopher 
has discovered polarized hght in the moon. 

C, Then refracted as well as reflected light may be polnrized ? 

T. Yes : for when a ray is made to fall on certain trans})arent 
bodies, at a proper angle, part is reflected, and part traverses and 
is refracted. The latter, as well as the former, has acquired new 
properties ; but the directions are at right angles to each other. 
One of the modes of thus polarizing light is to receive it on a 
bundle of about a dozen or more thin glass plates. 

If such a bundle of class is made to receive a beam of light 
already polarized, the beam will in one position entirely pass 
ihrouefa; and in the position at right angles to this it will be 
entirely intercepted. Anv substance that is thus employed to ez* 
amine a beam of polarized light is tmned the analyser. 

/. I see that it is necessary not merely to have a means of 
polarizing^ but also a means of Ay^^'Vg thus light when polarized. 

T, Yes ; and both these means are very various, and as you see 
the same body may be used for each purpose. For instance, thin 
plates of agate cut transverse to their stratification, or two wedge- 
shaped pieces of calcareous spar, cemented together by Canada 
balsam^ are often used; the latter is called Nichors prism. 
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C. Arc tlie ordinaiy and extiaordiuaij rays from double re£rac« 
tion polarized ? 

T. Yes : and each is endowed with the new properties at right 
angles to the other. 

% I see jon are preparing to leave ns for tiie day ; but before 
you go, try and find ns some fiuniliar iUnsfcration 1^ wbkli we may 
remember polarized light, and some of its properties. 

T. I have told yon that light is generally believed to be a series 
of vibrations or waves. In ordinary light the waves are not only 
horizontal, like those of the aea^ bat vertical, like those of the 
drapery that hangs before the windows in tlie drawing-room« 
Now, m polarization om set of the waves is cut off, being absorbed 
by the polarizing body. Suppose this body to be a slice of a^te, 
and the agate to be terminuled in one direction hke a gridiron. 
If it is placed with the lamina; in a horizontal direction, none of 
the vertical waves can pass through : they will be stopped, so that 
the Hght, when it emerges on the other side, will only consist of 
horizontal waves. If another piece of agate is placed in the course 
of these waves, it will allow them to pass through, if it is placed 
with its lamion horizontally, as the other was ; bnt if it is tamed 
so that they are vertical, the horizontal waves will be arreted, and 
all will be dark. So you see that in this simple case polarUaUoM 
absorbs one set of waves, and analysation the other. 

In cases of perfect double refraction, both sets of waves pass 
through the crystal ; but they are separated from each other^ ao 
that an analysing plate would let one set of waves or one ray 
pass, and would intercept the other. 

C I tliink we shall be able now to remember the nature of 
polarized light. 

T. Before we part, I have some more facts to mention tliat will 
be equally instructive ; they refer to what has been termed coloured 
polarization. You rcnieinbcr what I said of interferences ^ when 
various tints are produced by the reflection of light from thin 
films. An analogons ]fhenomenon ocean with polarized light; 
and in this case the thm fihn is called a depolarizer. When thin 
laminsB of mica» Iceland spar, rodc-cmtal, &c., are placed between 
the polarizing and the analysing plates, the interferences in the 
vibrations are produced, and they are manifested by the produc- 
tion of colours : the tint depends on the thickness of the nlm and 
the nature of the crystal : it the Him is of uniform thickness, the 
colour is uniform ; if it varies, the tints also vary. Selenite, or 
hydrated cry!<tah of sulphate of limey is extensively employed, on 
account of the case with whicli it is laminated ; and by arranging 
together pieces of various thickness and form, coloured objects, 
such as birds, flowers, figures, &c., may be exhibited \ and when 
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tlie whole is fitted in tubes,and illuminated by the oxy-hydrogen light, 
the objects may be thrown on a screen, as with the magic lantern. 

C. Jjoes any chanty occur to coloured })olarized light, as to 
ordinary' polarized light, by rotating any part of the apparatus. 

T. Yes : if the thin Jilm is rotated, there are four positions in 
which the colour is produced, and four in which there is none; 
if the analyser is rotated, there are also four positions of colour, 
and four without ; but the alternate quadrants or quarters of the 
circle give oomplraieDtaiyooIours ; so that if the onguial tint were 
green, the next quadrant would giye red, the next green, and ti^ 
next red. Hieiioe a red rose with green leaves wofolcL bja ^narter 
rotation of the analyser be oonyorted into a green rose with red 
leayes. If the complementary tints, as, for instance, two oinsleSy 
are made to overlap each other, white li^ht is produced. 

C. Have these curious facts any practical application ? 

T. They have : for by these means we can discover what bodies 
possess double refracting properties ; for many are possessed of 
this power, although in so small a degree as not to give double 
images, hke the piece of Iceland spar that I employed at tlie be- 
ginning of our conversation. Eor instance : Dr. Percira advises 
that dl optical glass should be examined by the polariscope before 
using, in order to discover whether it is badly annealed; this is 
readuv detected by polariaed light. Pdamed light may be used to 
detect the troc character of the varicQs starches ; as p^^ 
anow-root, tapioca» wheat starch, rice siarcL But I must not 
talk too ioespLj on this subject, for I fear to confiise instead of 
instroctinff you. All I wish is to give yoa a few of the leading 
features of polarized light ; so that when on some future day you 
sit down to study this branch of physics, it may not come upon 
you as entirely new. 

/. Your last words remind me of some observations you made 
last week, about examining camphine by polarised light, to see it' 
it were good. How could a^ou manage this ? 

T. The laws by which this would be deteriiiined are those of 
circular polarization. I must not confuse you with the deeper 
parts of the subject; but merely tell you ihat certain crystals, 
ndd in particular directions^ as a plate .of roj^ ciystal, perpen- 
dicular to the axis of refraction, prodoise droidar pohunaatem; 
that rings are apparent round the nxis, md a uniform tint 
occupies the centre : if the plate is rotated, no change ooours ; 
but if the analyser is turned, the tints vary. When homojgeneous 
light is used, similar plates turn the ray in the same direction ; but 
the direction is not the same for all circularly polarizing bodies. 
If, on turning the analyser from left to right, like the motion of a 
watch, the order of the colours are r^d^-f^ange^ yellow, green^ Hue, 

22 
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Mtgo, and rwlpf, it is f onricd right-handed polarization ; if the 
same succession occurs on tuniinE^ from right to left, it is termed 
left-handed. Now many liquids have this property; as volatile 
essential oils, syrups, solution of camphor, &c. Some arc right- 
handed, others left-handed ; and what is very peculiar is that, if 
you placo any one of them in a tube, and look at it at either end, 
it is in each view right or left-handed, as the case maj be : that is 
to Uij, if it is right-handed trlmi looked into at one end of the 
tube^ it is right-handed when looked into ai the other. The arc 
of rotatim Taries with the liqnid nnder exaaunatioii, with the 
degree of eonoentration if it be a aohitiony and with the tiuckneaa 
of the film. 

C. What apparatus is used in these examinations P 
T, The polarizer is generally a black glass ; then comes a ^lass 
tube of from half a foot to two or three feet in length, contamod 
in a brass tube ; and sometimes a few perforated pieces of silver 
are placed in the glass tube, in order to exclude any reflected 
light from the sides of the tube. The analyser is a Nicholas prism, 
or a doubly refracting crystal of calc spar. Homogeneous hght 
is preferred for these examinations ; and this is obtained by placing 
a piece of red glass between the ejc and the analyser. The 
analyser is famished with an index pointing to a graduated aeale : 
whoL the trial oommeooeB^ the index is made to point to 0^; the 
liqnid is now poored in, uid the hole at the further end <n the 
instrument appears like two holes ; but on tuning the analyser a 
certain distance one way or the other, the extraordinaij nj dis* 
appears. The angle obtained is the arc of rotatum for the gitea 
depth of the given substance with the giren ray; as examples : 

LE7T-HAin>ED. 

Index. 1|il«ilnitM of •olMma. 8p. ipr. 

Oil of turpentine . . 45° 6 in. 

Naphtha . . , . 12°40' 6*4 

Grape juice . . .6° 6*3 

Apple juice . . . 3° 33' 6 3 

EIGHT-HANDED. 

' Indrx. Thick Q««t of colama. 8p. tn. 

Qilofdtron .84** 6* in. 

Oil of bofgamot . . 89^ 6' 

Oil of earraway . . 100^ 6* 

Solution of canesogarin water 23^5' 6* 11052 

Ditto . 51° r «• 1.2310 

Sol. of sugar of milk in water 10° 3' 6" 1 0537 

Sol.of sugar of starch in water 48° 6' 5* 1*2469 
Sol. of tartaric acid in equal 

weight of water . • . 8° 6' 6*3 
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C, I see then that in })lane polarized Hght, the niaiiiinim and 

minimam planes are at right angles to each other ; whereas, when 
light is circularly polariac«f th^ are at different angles, according 

to circumstances. 

T. Exactly so ; and the angle varies according to the colour of 
tiie light employed : it is least \nth red, and greatest with violet. 

/. r rom what you have said about the action of orgtiiiic solu- 
tion on polarized light, it appears that it would not be a very dif- 
ficult matter to use it as a test. 

T, No : and it furnishes a very curious test by which bodies 
physicidlv different but chemically the same can be distinguished. 
It actually enables us to look into the very structure of bodies, 
and, as it were, to feel ont their secret nature. And when aU 
ordkary' means have failed to detect differences, this singular 
property of light will find them ont and make them manifest. 

a I do thmk that of all yon have yet told ns, this strange pro- 
perty of light is the most remarkable. 

iC There are many other curiona facts eonnected with it ; but 
as my present desire is merely to give you a rough outline of the 
snbiect, I will not say more, but advise you, as you f^row older, to 
reaa for yourself, and also to take the opportunity presented to 

fou by such institutions as the Polytechnic to sec the experiments, 
ndced, if you should cciise to reside near London, there is scarcely 
a provincial town that has not its Literary Institution ; and few 
seasons pass without polarized light being selected as the subject 
of illustration, on account of the facility which the oxy-hydrogcn 
Light presents of throwing the hriUiMit objects upon a screen. 
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0/ the Magnet — Its Properties — Useful to Mariners, and otheri^ 
Iron rendered Magnetic — Properties of the Magnet, 

Yon see this daik hmm mineral body ; and tliat it has the 

property of attracting needles and other flSttll iron sobetaiices. 

/. Yes, it is, I believe, a loadstone, or natural magnet ; bul 
yon told us that it possessed a muc^inoreimporU&t property then 
that of attracting iron and steel. 

T, It has what is called directive property, by which mariners 
are enabled to conduct their vessels through the mighty ocean out 
of the sight of land ; miners are guided in their subterranean 
paths, aud t he traveller through deserts otherwise impassable. 

C, Were mariners unable to make long and very distant voyages 
till this property of the magnet was diaoovered P 

T. Tul uieii» th^ eontented themaelTes with men ooartbg 
voyages; seldom trafltjiig themadTes-from the siglit of land. 

/. How long is it sinoe this proper^ of tiie magnet waa first 
known ? 

T. It is rather uncertain : it has been thought to have no earlier 
origin than five or six hundred years ago ; but mention is made of it 
in old Norman poems of the 12th century, and also in an Ice- 
landic history of the 11th century. There is also indubitable 
evidence that the Chinese were acquainted with it long before the 
commencement of the Christian era. In the 11th century, before 
Christ, mention is made of cars being employed for discovering 
the bearings of a place, which cars are repeatedly called indicators 
of the south. As early as the beginning of the second ceuturv of 
our era» we find the means employed to be " a stone with wLch 
the needle ia diieeted.'' 

C. You have not told ns in what the disoovery oonsisls. 

T. When a magnet^ or a needle rubbed with a magnet, is freely 
suspended, it always assumes a certain direction; one end pointa 
toward the north, but not eiaetly to the iiortliy except in a few 
places on the eaitk 
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/. Is that a magnet whicli is fitted to the bottom of the globe, 
and bv means of wliich we set the globe in a proper direction witli 
regara to the cardinal points, north, south, east, and west ? 

T, That is called a compass, the needle of which is steel mag- 
netisedy and it is possesscu of the same properties as is the magnet 
itself. 

C. Can any iron and steel be made magnetic P 

Yeiy soft iron Is magiielised to its finll extent immediatelj 
on tonbhing a magnet : bat it loses the whole of its magnetism on. 
the magnet being removed. Harder Iron or steel takes more time 
receiying magnetism ; but then it will retain it after the removal 
of the magnet. ArtiiSknal magnets may be rendered more powerfol 
than notiunl ones, and can be made of any form ; they are goie- 
rally used, so that the natural ma^gnet is l^pt ratherasacnriosily^ 
than for any purposes of re^il utUity. 

C. What are tlie leading properties of the magnet ? 

T. 1st. A magnet attracts iron. 2d, When placed so as to be at 
liberty to move in any direction, its north end points to the north 
pole, and its south end to the south pole : this is called the pola- 
rity of the magnet. 3d. When the ?iorfA pole of one magnet is 
presented to the south pole of another, they will attract one another. 
Bnt if the two unUA, or the two nartk poles, are brought together, 
thev will repel each other. 4th. When a nuu;net is so sitnmd as 
to be at liberty to move any way, the two notes of it do not lie in 
an hocuBontal direction ; it incunes one (n its poles towards the 
horizon, and, of conrs^ elevates the other pole above it; this is 
called the inelinaium or dippUi^ of the magnet. 5th. Any magnet 
may be made to impart its oroperties to iron and steel. 

C. And are iron and steel the only magnetic bodies ? 

T. No : nickel, cobalt, and a few others, have the property of 
being attracted by magnets, though far less energetically; as have 
also such ch(nnical compounds as contain any of these metals. 
All other bodies are repelled by magnets ; these are termed dia- 
vutgneiics by Professor Faraday, to whom the world is indebted for 
the discovery of this extraordmary fact, as also of many others in 
these sciences^ and to which wc snail refer as we go on. 



CONVERSATION II. 

Magnetic Attractum and Repulsion. 

T, Here is a thin iron bar, ei^ht or nine inches lon^, rendered 
magnetic, and, on that account, it is now called an artificial mag- 
net : I bring a small piece of iron within a little distance of one 
of the pobs pf the magnet^ and you see it is attracted or drawn 
to it* 
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C, WiU noiihe sameeffiDcibeprodiioedyif the 

to anv other part of the magnet ? 

T, The attnotion is strongest st the pdes, and it grows less and 
less in proportion to the diataiiice of any part from the poles; so 
thut, in the middle, between the poles, tuero is no attiactioiit as 

you shall sec by means of this large needle. 

/. TVlien you held the needle near the pole of the magnet the 
magnet moved, which looks as if the needle attracted the magnet. 

T. You are right ; the attraction is mutuid, as is evident from 
the following experiment. I place this small magnet on a piece 
of cork, and the needle on another piece, and let them lioat ou 
water, at a little distance from each other, and you observe that 
the magnet moyes towards the iron, as much as the iron moTes 
towards the magnet. 

C, If two magnets were pat in thisaitaation, what wonldbethe 
•effect ? 

T, If poles of the same name, that is, the two north or the 

two south, be brought near together^ they will repel one another ; 
but if a north and a south pole be presented, tiie same kind of 
attraction ^vill be visible as there was between the magnet and 
needle. In fact, the reason why a ma^et attracts iron is because 
it makes the iron a magnet as long as it is near it, and if a north 
pole is used, the near end of the iron becomes a south pole, and 
therefore is attracted. Hold this bar of soft iron in voui- hand, and 
try to suspend the small key to its lower end. You cannot ; I 
now bring the magnet near, but without touching the other end, 
and the key is immediately attracted, just as if the soft iron were 
a magnet, and so it is, as long as tne magnet is near ; but aa 
soon as I remoye the magnet the faUs. 

Will there he any attraetion or impnlaion if solid bodies^ as 
paper or thin slips of wood, be plaoed oetween the magnets^ or 
between the magnet and iron ? 

T. Yes : bring the magnets together wnthin the attracting or 
repelling distance, and hokl a slip of wood between them : yon see 
tiiey bot h come to the wood. 
J* Is magnetic attraction and repulsion at all like what we have 
sometimes seen in elect ricity ? 

T. In some instances there is a great similarity. Ex- 
ample I. Tie tw^o pieces of soft iron wire each to a se})a- 
rate thread, which join at top, and let them hang freely 
from a hook. If I Ijriiig the marked or north end of a 
magnetic bar just under them, yon will see the wires re> 
pel one anotiiery as they are shown in the figore hanging 
firom z. 

C. la that oocaaioned 1^ the repelling power whidi 
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botli mrcs have acquired in consequeuce of being both rendered 
majpetic with the same pole ? 

T. It is ; and the same thinp^ would have occurred if the south 
pole had bccu presented instead of the north. 

J. Will they remain long in that position ? 

T. l£ the wires are of very soft iron they wDl quickly lose their 
magnetic power ; but if steel wires be used, as oranmoii sewiDff 
nerales, they wiU ocmtiniie to lepeL eack other after the zemom 
of tiie magnet. 

Example 11. I ley a sheet of paper flat upon a table, and strew 
some iron filings upon it. I now lay this small ma^paet among 

—iiLi- :^ li^f Mi 7«'' ' ""V I ' l 'ii i' irr' i i: pi rn ? " ' ^'""l i vH ' P' '' i \lmm^ ^^ 



* rig, 2. 

them, and giye the table a few gentle knocks, so as to shake the 
filings, and you observe in what manner they have ranged themselves 

about the magnet. 

C. At the two ends, or poles, the particles of iron form them- 
selves into lines a little sidewise; thoy bend, and then form 
complete arches, reaching from some point in the northern half of 
the magnet to some t)tlier point in the southern half. Pray, how 
do you aceount for this ? 

T, Each of the particles of iron, by being brought will i in the 
sphere of the magnetic inlluenee, becomes itself magnetic, and 
possessed of two poles, and, consequently, disposes itself in tiie 
same manner as any other magnet woold ao, and also attracts with 
its extremities the contrary poles of other particles. 

Example HI. If I shake some iron filings through a gauze sieve^ 
npon a juaper that covers a bar magnet, the filings will become 
magnets, and will be arranged in beautiful curves. 

/. Docs tlic polarity of tne magnet reside only in the two ends 

of its surface ? 

T. Like the centre of gravity, there is a centre or resultant of 
magnetic force, and this resides near the end : in a regularly formed 
magnet, this spf)l is //ear, hnt not at eiveh end, and the middle has 
no magnetic action. But if the bar be now broken aeross the 
middle, each half will be found to be a perfect magnet, with a pole 
at each end. 
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CONVERSATION III. 
Tie Method o/mttking Magnet9-^iheMannet^i Om^. 

C. IIow are magnets made P 

T, The best method of making artifieial magnets is to apply one 
or more powerM magnets ^ pima of bard steel, taking eare to 
apply the north nole of the mi^inet or magnets to that extremily 
of the steel whion is required to be made the sontb pole, and to 
apply the south pc^ of the magnet to the opposite eitiemity of 
the pieoes of steo. 

/. Has a magnet, by communioatmg its prtq^ertieB to other 
bodies, its own power dmiinishedP 

T. No, it is eren increased bj it. A linur of iron, three or four 
feet long, kept some time in a vertical position, will become mag- 
netic, the lower extremity of it attracting the south pole and 
repelling the north pole. Ibut if the bar be inverted, the polantj 
will be reversed. 

C. Will steel produce the same effects? 

T. It will uot, the iron must be soft ; and hence bars of soft 
iron that have been long in a perpendicular position are generally 
found to be magnetical, as fire-irons, bars ot windows, &c. If a 
long piece of hard iron be made red hot, and then kft to cool in 
the direction of the dipping needle, it usually becomes mamietical. 

Striking an iron bar with a hammer, or rubbing it with a file^ 
while held in this direction, renders it magnetical. An electric 
shook and lightning frequentljr render iron magnetic, by the mecha- 
nical action which they ezerdae oyer the mdlecnles of iron while 
in the fiivorahle position above mentioiied. ^ 

C. But what is there peculiar in this position? 

T, I have shown you that uron becomes magnetic by mere 

Sroximity to a magnet. Now, the earth acts as a magnet ; and 
lie direction of the resultant of the force is northward and down- 
ward, not exactly heneiUh our feet» but northward of it. And as 
upright bars of iron are not many degrees removed from this 
direction, they arc magnetic by the earth. 

/. An artiiicial magnet, you say, is often more powerfid than 
the real one : can a magnet^theu, communicate to sted a stronger 
power than it possesses P 

T, Certainly not : but two or more magnets, joined together, 
may communicate a greater power to a piece of steel, than either 
of them possesses singly. 

C. Then you gain power according to the number of magnets 
made use of P 

T. Yes; very poweifiil magnets may be foxmed first ocm- 
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Now apply the north end 



structing several weak magnets, and then joining them together 
to form a compound one^ and to act more poweri'ully upon a piece 
of steel. 

The following are methods for forming artificial magnets : 

1. Place two magnetic bars, a and B, in a line, so that the north 

or marked end of one shall be (ra- 

ponte to tiie soath end of the 

other, bat at each a diatanoe, that 

the mafliet c, to be toaohed, may 

leatwitn its marked end on the 

unmarked end of b, and its un- 
marked end on the marked end of a 

of the magnet L and the south end of b to the middle of c, the 
opposite ends being elevated as in the figure. Draw l and d 
asunder along the bar c, one towards a, the other towards b, pre- 
serving the same elevation : remove L d a foot or more from the 
bar, wnen they are off the ends, then bring the north and south 
poles of these magnets together, and apply them again to the 
middle of the bar c as before : the same process is to be repeated 
five or six times^ then turn the bar, and touch the other three 
aidea m the flame my. and, Willi car^ the bar 1^ 
fixed magnetism. ^ ^ ^ 

9. Upon a aimihir prindple, two bars, ▲ B, c D, maj be lende^ 
magnetic. These are anpported by two 
bars of iron, and they are 80 placed that 
the marked end b may be opposite to the 
nnmarked end d; then place the two at- 
tracting poles ^ I on tlio middle of a b, c 
as in the figure, moving them slowly over 
it ten or fifteen times. The same operation is to be performed on 
c D, having first changed the poles of the bars, and then on the 
other faces of the bars ; and the business is accomplished. 

The touch thus communicated may be 
farther increased by rubbing the different 
faces of the bars with seto of magnetic 
bars, disposed as in this diagram. 

/. I suppose all the bars should be Tery 
smooth. 

T. Yes ; they should be well polished, 
the sides and ends made flat, and the 
audes quite square, or right angles. 

There are many magnets made in the shape of horseshoes; 
these are called horseshoe magnets ; and they retain their power 
very long, if care be taken to join a piece of iron to the end 
wiien they are not in use. 




Figr. 4. 




Flf.5. 
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0. Does tbat psemil ito power from escaping? 

T. It should aeem 80; tlie power of a maffnet ia evea meraased 
by suffering a piece of iron to remain attached to one or both of 
its poles. Of oourse a single ma^t should always be thns left. 

/. How is magnetism communicated to compass needles P 
^ T. Easten the needle down on a board, and oraw magnets about 
tax. indies long, in each hand, from the centre of the needle out- 
wards ; then raise the bars to a considerable distance from the 
needle, and bring them perpendicularly down on its centre, and 
draw them over aj^ain, and repeat this operation about twenty 
timcs, and the ends of the nceole will point to the poles contrary 
to those that touched them. 

By a little maufigcmeut, steel may be ma^ietised without any 
other source of niJi^^netism than that derived from the earth. A 
bar of soft steel is tied to a common iron poker, held upright, 
and it is then rubbed from its lower end upwards with the tongues : 
otlier similar bars undergo the same treatment. They are then 
bundled together ; two harder steel bars are placed, as in Pig. 4. 
oonnectod with soft iron, into a parallelogram \ these are rubbed 
with the ma^etised bars ; other haxd steel are nibbed in the 
same way untd six are prepared; the softer steel are now pkoed 
aside, and the rubbing oi two of the hard sted is effected by 
four of the hard steel; and thus, by a suooesskm <rf operatkms, a 
powerful set of magnets may be obtained. 

Br. Scoresfay has taken great pains in studying the best methods 
of preparing magnets ; for minuto particulars I must refer you to 
his book, wliere you will see the rcJatlYe yalues of different lands 
of steel for different kuids of magnets. 

C, What are the characters of a fjrood mainiet ? 

T. Capacity^ or power of receiving a good amount of magnetism, 
and tenacity, or power of retaining it ; the latter is a most impor- 
tant property ; and he has found that hardness and tenacity are 
related. He has also described a mode by which, as he says, "he 
would have no dilliculty in constructing a magnet of a ton weight." 
He magnetises a lar^^c quantity of small bars of steel, and these 
he bundles together in proper order ; antl although each one loses 
a certain quantity of force, on account of its proximity to the 
rest, yet the whole has a far greater power remaining in it than 
could by any means be conferred upon a soM mass of steeL 

/. But liaye I not long ago seen tiiis plan in the compound 
horseshoe magnet P 

T, No; in all the old plans the indiyidual bars were of the same 
length as the compound mass ; but in this plan many shorter ban 
are uscd» and they axe joined by being plaoed end to end. 

C. I remember seeing a compass, when I was on board the 
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frigate that lay off Worihing: the needle was ia a box, with a 
glMS over it. 

T. The mariner's compass consists of the box, the card or fly, 
and the needle. The box is circular, and is so suspended as to 
retain its horizontal position in all the motions of the ship. The 
glass is intended to prevent any motion of the card by the wind ; 
the card or lly moves with the needle, which is very nicely 
balanced on a centre. It may, however, be noticed, Uiat a needle, 
whidL la aocnrately halanoed before it is magnetised, will lose ita 
balance by being magnetised, on account of what is called the 
dippina, therefore a small weight, or moveable piece of brass, is 
pJacea on one side of tlie needle, by the shifting of which the 
needle will always be balanced. 

It must be obser?ed that, in the construction of such instm- 
mcnts, neither iron, steel, or other ferruginous matter, must be 
suffered to be in, or even near, the frame, because a very small 
quantity of it is sufficient to render the observations of no value 
whatever. And, indeed, it has been ascertained lately, that the 
masses of iron aboard a ship have all a tendency to draw the 
needle from its true direction. Mr. Barlow, of the lioval Military 
Academy, has discovered a method of ascertaining, and allowing 
for, the msu^tude of the deviation thus occasioned in any particu- 
lar ship. Such a discovery cannot but prove highly vuniBble to 
mariners ; and, indeed, has neen found so by Gaptoin Ptoiy, Cap* 
tain FrwdJin, and manj of our most skilful naval officers. 

The principle on which he acted was first to discover the effect 
of the ship on the needle and then to provide a disc of iron that 
should have the mm amount of action : so that, when he removed 
the iron from near the needle, whatever difficDBlloe was lost was 
just half of the whole action of the ship. 



CONVERSATION IV. 
0/ the VarioHm of the Compau. 

C. You said, I thiidc, that the mfignet ])ointcd nearly north and 
south : how much does it differ from that line ? 

T. It rarely points exactly north and south, and the deviatum 
firom that line is called the varioHm iff ike empass, which is said 
to be east or west. 

/. Does this differ at different times P 

T. It does ; and Ihe variation is very different in different parts 
of the world. The variation is not the same now that it was half 
a century ago, nor is it the same now at London that it is at Bcoi- 
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SI or Kamschatka. The needle is continnally tncFersin^ slowly 
vaids the east and west. It seeiiifl» however, now to have at- 
tained its western limit at London, and is ^?oin^ back again. 

This subject was first attended to by ^fr. Burrows, about the 
year 15 SO, and he found the variation then, at London, about 
11° 11' east. In the year 1057, the needle pointed due north and 
south : since which the variation has been gradually increasing 
towards the west; and in the year 1803 it was equal to something 
more than 24;° west, and was^ then advancing towards the same 
quarter. 

C. That seems to haye been at the rate of something more thaa 
ten mmiites Mdi Tear. 

T, It is ; but the annual wiatioiL is not legnlar. It is more 
one year than another. It is different in the several months, and 
even in the hours of the day. Its present mean vaiiation at Lon- 
don is about 24° 33' west. 

/. Then if I want to set a g^be due north and south, to 
point out the stars by, I must move it aiboo^ till the needle in 
the compass points to 24° 33' west ? 

T. Just SO; and mariners knowinp^ the variation at different 
places are as well able to sail by the compass^ as if it pointed due 
north. 

C. You mentioned the property which the needle had of dipping, 
after the magnetic £uid was communicated to it : is that always 
the same P 

T. No; it also varies sightly. It was discovered 1^ Bobert 
Nonnan, a compass-maker^ in the year I676« and he then found it 
to dip nearly 72**, and, firom many observations made at the Bx>yai 
Sodetv, it is found to be now al)out 70** SS*. 



T. Yes: in the year 1773, observations were made on the snb- 
ject, in a voyage towards the north pole; and firom these it ap- 
pears ^•■h^^t 

In latitude 60° IS' the dip was 75"* 0' 



The dip always bein^^ greater as the latitude is greater. 

I will show you au experiment on this subject. Here is a mag* 
netic bar and a small dipping needle : if I carry the needle, sos- 
pended &adj on a pivot, from one end of the magnetic bar to the 
other, it will, when directly over the south pol^ setUe durectiy 
perpendicular to it» the north end being next to the south pole. 
As the needle is moved, the dip grows less and less, and when it 
oomes to the magnetio centre, it will be parallel to the bar; after* 
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wards the south end of the needle will dip, and when it comes 
dixecily over the north pole^ it will be again perpendicolar to 
the bar. • 

Belbre we quit the subject of magnetism, I will present you 
with a summaiy of facts and prindpLes, which may be loimd nseM 
in your future researches : 

1. Iron bars become maffnetical by position, except when thej 
are placed in the plane of tlie magnetic equator, that is, in a plane 
which is perj^cndicular to the direction of the dipping needle. 

2. Belore a nijignet can attract iron that is totally free from 
both pcmianent magnetism and that of position, it infuses into the 
iron a magnetism of contrary polarity to that of the attracting pole. 

3. An iron bar, with permanent polarity, when placed anywhere 
in the plane of the magnetic equator, may be deprived of its mag- 
netism by a blow. 

4. Iron heated to redness, and quenched in water, in a vertical 
position, becomes magnetic^ the upper end gaining south polarity, 
and the lower end north. 

6. Hot inm lecdves more magnetism of position than the same 
when cold. 

6. Mzignetic attraction follows the same law as that of gravita- 
tion ; being inversely as the square of the distance. 

7. The plane of the magnetic equator is a plane of no attraction. 

8. Magnetic attraction does not depend upon the mass, but 
upon the surface ; a shell of iron attracts a magnet equailj with 
a oall of the same diameter. 

9. An electric discharge, made to pass through a bar of iron 
void of magnetism, when nearly in the position of the magnetic 
axis (i. e. of the dipping needle), renders the bar magnetic ; the 
upper end becoming a south pole, and the lower a north pole : but 
the discharge does not produce any polarity, if the iron be placed 
in the plane of the magnetic equator. 

10. A bar of iron, possessing some magnetism, has its polarity 
diminished, destroyed, or inverted, if an electric discharge be 
passed through it, whim it is nearly in the position of the magnetic 
axis, provided the south pule of the bar be downward ; while its 
maesetism is weakened or destroyed, if it receive the dioek when 
in uie plane of the m^netic equator. 

11. Iron is rendered ma^eticnl, if a stream of the electric fluid 
be passed through it, when it is in a position nearly corresponding 
witii that of the magnetic axia; but no effect is produced when 
the iron is in the plime of the magnetic equator* 
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CONVERSATION V. 
On DioMu^iics, and on the Magneiigaium la^ki. 

/. Toa mentioiied dimiuigmiiei in ooimexkm with tke name ol 
Dr. ParadaT : I am sure there is something instnictiye in thh^ as 
in all the labours of Uiat industrious philosopher. 

T, Tea, indeed there is ; I have heretofore been talking of iron 
and steel, and a few other bodies^ which place themselves in a 
certain direction with reference to the magnet : now all other 
bodies take a direction exactly at ri^ht an^es to this. Asy for 
Inafa^nftf^ if I suspend a neeole freely above the two poles of 
a honeshoe ma^pet, it will place itself in a direction from pole to 
pole, whereas, if it were a slip of wood, a piece of applcy or a 
caiulle-cnd, &c. it would place itself across this direction. 

C. This is curious : I must run and fetch mj magnet^ in order 
to see it act u])on a piece of apple. 

T. li will be of no use, my boy : for this can only be accom- 
plished by the use of exceedingly powerful magnets; and these 
arc obtained by a process that I will describe hereafter. In the 
course of his investigations, Dr. Faraday has found that the mag- 
netic bodies are iron, nickel, cobalt, manganese, chromium, cerium, 
titanium, pidladium, platinum, and osndum; and that all other 
bodies constitute the new class that he has termed diamagneHct, 
The following, aoooiding to the order in which Utaj stand, exhibit 
it: bismuth (whidi is the most powerful, and is the type of the 
class), phosphorus, antimony, zinc, lead, tin, flint-glass, mercury, 
water, gold, alcohol, and ether. On inTCStigating tiie subject 
more closely, he found, by using one pole of a magnet, that as 
ma^etic bodies are attracted^ diamagnetie bodies are actually 
fm$d by a roa^et. He has also proved that not only is inn 
magnetic, but aU other compound booies into which iron enters aie 
also magnetic. 

He has also completed another series of researches, to which I 
will briefly refer you, iu which he has shown the action of mag- 
netism upon light. He allows a ray of polarized light to pass 
through certain transparent bodies ; heavy glass, made of borate 
of lead, is the best for this purpose : he then turns the analysing 
plate until the ray is at its minimum of intensity, or nearly extin- 
guished ; a very powerful magnet is now made to act upon tne glass, 
and the rav is immediately uluminated ; in &ot, the same effect 
is produced as if the analysing plate had been turned back. If, on 
the othear hand, the ray nad oe^ first brought to its maximum 
of intensify, and the magnet had then been intiodnoedy the laj ia 
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immediately extmguisliod. In his opinion, he acts, in tliis experi- 
ment, not unon the bod^^ through which the light is passing, but 
upon the Uglit itself. \ou will remember, that when I described 
the circular rotation of polarized light by the application of various 
media, it was right-handed or left-handed to the observer, as the 
case mi^ht be, wMchever way he looked into the medium ; but 
here^ if it is light-handed by looking into one end, it is left-handed 
looking into the other. 
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CONVEJISATXON L 

IKTBODITCnOV. 

Tie JEari^ Eitiory of EUctriciiy, 

r. If I rob preitj briakly this stick of sealing-wax, and then 
hold H near any light snbstances, as little pieces of paper, the wax 
will attract them, and they will jump up and adhere to it. 

C. They do ; and I think I have heard you call this the eflBsct of 
electricity : but I do not know what eleotiicity is. 

T. It IS the case with this part of science as with many othei^- 
we know it only by the effects which it produces. As I have not 
hitherto, in these Conversations, attempted to bewilder your minds 
with useless theories, neither shall I, in the present case, attempt 
to say what electricity is: its action is well known; it seems 
diffused over every portion of matter with which we are acquaintodt 
and by the use of proper methods, it is as easily collected. 

/. I see nothing aohering to the sealing-wai, when you have 
rubbed it. 

T. You do not see the air with wliich you are surrounded, yet 
I have shown yon^ that it may be taken from any vessel, as cer- 
tainly as water may be poured nom this glass. mthtiieezeEette 
of a small degree of patience, you shall see sndi experiments as 
will not fail to convince yon that there is a something, or a power 
added to the wax by ruboing it. 

(7. Bat who discovered electricitv, which is not at all evident to 
the sense either of sight or feeling r 

T, Thales, who lived six centuries before the Christian era, 
was the first who observed the electrical properties of amber, and 
he was so struck with the appearances thai he supposed it to 
be animated: 

Brivht caiAtr abiaM oo bis tlc«trie tbroM, 

Aa« iididls vtbcTMl iMtrt to bfa own. Darwiit. 

/. Does amber, like sealing-wax, attract light bodksP 

T. Yes, it does; and there are many other substances as wdl 

* 8«« HjrdrotUlics, and Putnmntiea. 
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as these that haye the same power. After Tliales, the first person 
we read of that noticed this subject was Theopbustns, wno dis- 
covered that tcumaltn has the power of attracting light bodies. 
It docs not, however^ appear that the subject, thoagii very curious^ 
excited much attention tul about 200 years ago, when I)r. Gilbert, 
an IfirigHali physician, examined a great variety of substances, with 
the view of ascertaining how far they might or m%ht not be ranked 
woiOXLselectriei, 

C. What is meant by an electric? 

T. Any substance Nvhicb, being excited or rubbed by the hand, 
or by a woolleu cloth, or other means, has the power of attracting 
light bodies, is called au electric. 

J. Is not electricity accompanied with a peculiar kind of light, 
and with sparks ? 

T. It is ; of which we shall speak more at large hereafter. The 
celebrated Mr. Boyle is supposed to have been one of the first 
persons who ^ot a glimpse of the electrical light, or who seems to 
have noticed it, by rubbing a diamond in the dark. 13ut he little 
imaeined at that time what astonishing effects would be afterwards 
produced by the same power. Sir Isa»B Newton was the first who 
observed that excited {^Lass attracted Mg^t bodies on the side oppo- 
site to that on which it was rubbed. 

C. How did he make the discovery P 

T. Having laid upon the table a round piece of glass, about two 
incAies broad, in a brass ring, by which it was raised from the table 
about the eighth of an inch, and then rubbing the glass, some little 
bits of paper which were under it were attracted it, and moved 
very nimllly to and from the glass. 

C. I remember standing by a glazier when he was rubbing over 
some wiiHlo\v-li<j:hts with oil, and cleaning it olF with a stiff brush 
and whiting, and the little pieces of whiting under the glass kept 
continually leaping up and down, as the brush moved over the glass. 

T. That was, undoubtedly, an electrical appearance of the same 
kind, but I do not remember having ever seen it noticed by any 
writer on electricity. To-morrow w'e shall enter into the ])racticai 
part of the subject ; and 1 doubt not that the experiments in this 
part of the science wiU be as interesting iis those in any other which 
you have been studying. The electric light, exliibited in different 
forms ; the various siffns of attraction ud repulsion actiug on all 
bodies ; the electric shock, and the explosion of the batt^, will 
give you pleasure and excite your admiration. 
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CONYEKSATION IL 
0/EMrie JttmdUm and lUpukum^Of EMrici omS Comdueioft, 



T. You must, for a little time, that is, till we exliihit before yon 
experiments to prove it, regard the earth and all bodies up<jn it as 



bodies, and this is called their natural quantity; and so long as a 
body contains neither more nor less thaa this quantity, no sensible 
effect is produced. 

/. Has this table electricity in it? 

T. Yes, and so has everytlung else in the room ; and if I were 
to take proper means to put more into it than it now has, and you 
were to put your knuckle to it, it would tfavow it ont in Hie sluipe 
of spaxioi. 



C. But wbat would happen if you dunild take awsy aome ol 
its natmal quantilj ? 

T. Whj then, if yoa presented any pait of your body to the 

table, as your knuckle, a spark would go fjcom. joa to the table. 

/. But perhaps Charles might not we more thtti his natoial 
share, and, in that caae^ he could not spare any. 

T. True ; but to provide for this, the earth on which he stands 
would knd him a little^ to make up for what he parted with to the 
table. 

/. This must be an amusing study ; lUunkI shall like it better 
than anv of the others. 
T. Take care you do not pay for the amusement before we have 

done. 

Here is a glass tube about eighteen inches long, and jjerhaps an 
inch or more in diameter ; I rub it up and doMii quickly in my 
hand, which is dry and warm, and now I will present it to these 
fra^enta of paper, thread, uid gold-leaf : you see they ail move 
to it. Hut ia called eleetncal aUraeikm. 

C, They jump back again now ; andnowth^ lehimto the dbtts. 

T. Thej aie, in Cm^ atteniatdy attiaeted and 
will last aeraal minutea, if the svaa be strongly excited. I will 
rub it again ; present your kmusle to it in aerenil parte, one after 

another. 

/. What is that snapping P I feel, likewise^ aometiiing like the 

pricking of a pin- 

T. Tiie snapping is occasioned bylitfle sparks whirh come frool 
the tube to your knuckle, and these give the sensation of pain. 

Let us go into a dark roonv ^ud repeat the experiment. 




A certain quantity belongs to ail 
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€. l^e sparks as» evident enough no\r ; but I do not know 
where thej can OQine from* 

T. The air and everythkig is foil of electricity, which appears 
in the shape of sparks ; anid, whatever be tiie cause, whicn I do 
not attempt to ex{)lain» the rubbing of the glass with the hand 
collects it, and having now more than its natural share, it parts 
with it to you, or to me, or to anybody else that may be near 
enough to receive it. 

/. Will any other substance besides the hand emte the tube ? 

1\ Yes, many others, and these, in this science, are called the 
rubbers ; and the glass 1 ube, or whatever is capable of being thus 
excited, is called an ekctric. 

C. Are not all sorts of solid siistanccs capable of being excited ? 

T. You may rub this poker, or the round ruler, for ever, without 
obtaining an clectrie spark from it. 

/. But you said one might get a spark from the mahogany table, 
if it had more than its share. 

T. So I oay you may have sparks from the poker, or ruler, if 
they possess more than their common share of electric fluid. 

k. These bodies am>eair to be divided into two classes P 

Yes : andthesenom tiieir general characters are termed eoih. 
iucfon and mm^etrndudm. The metals are the best conductors ; 
resui and shell-lac are the worst. There is a gradually descending 
scale, so that the two classes merge into each other; so that in 
fact a non-conductor is nothing more than a bad conductor, though 
still a conductor ; and a conductor is a bad insulator, but still an 
insulat<nr« 

C. I can scarcelv understand this. 

T. Each of the bodies holds its rank as a conductor or a non- 
conductor only by comparison ; copper, for instance, is a very good 
conductor, and aii- a very bad one ; yet if an electric discharge is • 
about to take place, and there be two paths opcued out to it, one 
of great length through copper wire, and the other of a small in- 
terval of air, the greater portion of the charge will pass by the 
latter path. 

/. 1 heard you make use of the word imulaior. 1 suppose 
it is synonymous with non-couductor. 

T, it is ; and it is by the knowledge of wliich are the best in- 
sulators that we are eniuiled to conduct our experiments ; for unless 
we sdeot means of preventinff an esciqpe of electricity, it is in vain 
to aconmidate it^ Silk» if dry, is a non-conductor. With this 
skdn of sewing silk I hanj; the poker a to a hook in the ceiling, 
80 as to be about twelve inches from it; underneath, and near 
the eitremity, are some small substances, as bits of paper, &c. 
I will excite the g^ass tub^ and present it to the i^per part of 
the poker* 
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C. They vn aU attcacsfced; bat now joa 
take awaj the glass, thej are all quiet. 

T, It IS ericteiit that the electncity passed 
from one part of the tube thioii£^ the poker, 
which is a conductor to the paper, and at- 
tracted it : if the glass be properlj excited 
jou may take sparks from the poker. 

/. AVould not the same happen if another 
glass tube were placed instead of the poker? 

T. You shall try. Now I have put the glass 
in the j)lace of the poker, but let me excite 
the other tu})c {is much as I >vill, no effect 
can be produced on the paper : there are no 
signs of electrical attraction, which shows that 
the electricity will not pass through glass. 

C. What would have happened if any con- 
ducting substance had been used iLu>tead of 
silk to suspend the iron poker ? 
^. If I had suspended the poker with a moistened hempen 
string the electricity would have aU passed away through that, and 
there would have been no (or rerj trifling) appearance of electri- 
city at the end the poker. Seadiuf'-wax may be excited as 
9A a dass tube, and wui prodnee simiuur effects. I will gi?e ymi a 
list of ntm^onductarSf ana another of conduciorSy disposed according 
to the order of their perfection, beginning in each list with the most 
perfect of their class : thus glass is a better ntm<tmdtieUHr than 
amber, and gold a better conductor than silver. 




TABLE. 



NON-eONDUCTOliS. 

Glass of all kinds. 

All precious stones, the most 

transparent the best. 
Amber. 

Sulphur. 

All resinous sul)stanccs. 

Wax of all kinds. 

Bilk and cotton. 

Dry external substances, as 

feathers, wool, and hair. 
Paper ; loaf sngar. 
Air, when quite dry. 
Oils and metallic oxides. 
Ashes of animal and vegetable 

substances. 
Most hard stones. 



CONDUCTORS. 



All tlie metab in the followkig 

order : 
Gold ; silver ; copper ; 
Platina ; brass ; iron : 
Tin; quicksilver; lead. 
The semi-metals. 
Metallic ores. 
Charcoal. 

The fluids of an animal body. 
Water, especiallv salt water, 
and other fluicb^ except oiL 
Ice, snow. 

!Most saline substances. 
Earthy substances. 
Smdce; steam; and even a 
vacuum. 
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CONVERSATION m. 
0/ike SteeMeal MaekUie. 

T. I will now explain to you the oonstmotion of the electrical 

aaacliinc, and show you how to use it. 

C. For what purpose is it used ? 

T, Soon after this subject engaged the attention of men of 
science, thej began to contrive the readiest methods of collecting 
large quantities of electricity. By rubbing this stick of scaling- 
"wax I can collect a small portion : if I excite or rnb the glass tul)e, 
J get still more. The object, therefore, was to iind out a machine 
by which the largest quantities caa be collected, with as little 
trouble and expense as may be. 

/. You g^mmeelfictiid^firom the tabe than 
wax» becaase it is ftre or six times as large : br incmsiiiff tbe 
sue of the tabe, you would increase the qoaiitityy X should think. 

T, That is a natural ooncluaum; and on this prineq^e the 
electrical madiines have been 
constructed. 

The most common form that 
•is now used is that of a glass 
cylinder, from five or six inches 
in diameter to ten or twelve. 
Here is one completely fitted 
up. The cylinder a b is about 
eight inches in • diameter, and 
twelve or fourteen in length ; 
this 1 turn round in the frame- 
work, with the handle D c. 

/. What is the piece of black 
silk K for ? 

T, The cylinder would be of 
no use without a rubber, you know ; on which account you see the 
pillar B 8^ which^ being cemented into a pieoe of hard wood, 
IS maae to sczew into the bottom of the maohuie ; on the pillar is 
a oashum, to which is attadted a ]^aee of Uadc sOk. 

C, And I peroeiye the cushion is made to press hard against 

the glass. 

T. This pressure, when the cylinder is turned round fast, acta 
predsely like the rubbing of the tube by the hand, though in a 
still more perfect manner. I will turn it rounds 

/. There is not much sign of electricity jet. 

J. 1^0 : the machine is complete, but it has no means of col* 
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Iccting the fluid from the surrounding bodies : for you see the 
cushion or rubber is fixed on a glass pilkr, and glass will not con- 
duct electricity. 

C. Nevertheless, it does, by taming round, show some signs of 
attraction. 

T. The signs, which are now evident, arise from the small 

r entity which exists in the rubber itself, and the atmosphere 
t immedii^ly smioiiiids the madiiiie. 
C. Would the ease be difBsrent if tiie mbber were fixed on a 
eondvctiiig sabstanee instead of glass? 

T. It would; but there is a nrach easier method : I wiU hang 
this brass chain to the cusliion at r, which, being seyeral feet long^ 
lies on the table or on the floor, and this you know is conneGte^ 
by means of other objects, with the earth, which is the grand 
lesenroir of the electric fluid. Now see the effect of turning 
round the cylinder ; but I must make every part of it dry ana 
rather warm, by rubhinc: it with a dry warm cloth. 
J. It is indeed very powerful. What a crackling noise it makeal 
T, Shut the window-shutters. 

C. The ap])carance is very beautiful : the flashes from the silk 
dart all round the cylinder. 

T. I will now brine: to the cylinder the tin conductor L, which 
is also placed on a glass pillar, f n, tixcd in the stand at P. 

/. "Wliiit are the points in the tin conductor for ? 

T. They are intended to collect the electricity from the cylinder. 
I will turn the cylinder, and do yon hold your knuckles within 
four or five indies of the conductor. 

C, The painful sensations which the sparks ooeasion, prove that 
electricity is a very powerful agent when collected in large quan- 
tities. 

T. To show yon the nature of conducting bodies, I will now 
throw another brass chain over the eonductor, so that one end of 
it may lie on the floor. See now if yon can get any spaiks while 

£ turn the machine. 
/. No, I can get none, put my knnckle as near to it as I wilL 

Does it all run away by the chain? 

T. It does ; a piece of briiss or iron wire would do as well ; and 
so would any conductinir substanec wluch touched the conductor 
with one end, and the lloor with the other : your body would do 
as well as the chain. Place your hand on the conduetor, while I 
turn round the cylinder ; and let your brother bring his knuckle 
near the conductor. 

C. 1 can get no spark. 

T, It runs through James to the earth, and yon see his body is 
a oondnetor as well as the chain. With a very little oontrif ance 
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I can take sparks from yoa or Jam€8» as wdl as joU did from the 

conductor. 

/. I should like to see how that is done. 

T, Here is a small stool, having a mahogany top and glass legs. 
If you stand on that, and put your hand on tiie couductorj tlie 
electricity will pass from the conductor to your body. 

C. Will tlie glass legs pievent it from rumuug from him to the 
earth ? 

T. They will ; and therefore, what he receives from the con- 
ductor^ he will be ready to part with to any of the surrounding 
bodies^ or to you, if you bring your hand near enough to any part 
of him. 

/. The sparks are more painfol In coming through my clothes 
than when I leceiTed them on my bare hand. 

T, They are : you understand, I hope> the process. 

C, By means of the chain trailing on the ground, the electricity 
is collected from the earth on the glass cylinder, which ffiyes it 
through the points to the conductor from this it may be con- 
veyed away again by means of other conductors. 

T. Whatever body is supported, or prevented from touching 
the earth or communicating with it, by means of glass, or other 
non-conducting substances, is said to be imnlated. Thus, a body 
suspended on a silk line is insulated : and so is any substance that 
stands on glass, or resin, or wax, provided that these are in a dry 
state, for moisture will conduct away the electricity from any 
cliarged body. 

Hence you will understand the construction of electrical nni 
chines, which are so formed as, by excitation, to collect electricity, 
which cannot escape again, owing to the glass cylinder, globe, or 
plate being insulated. 



CONVERSATION IV. 
Of ihe Ekctrieal Machkm. 

C. What is that shining substance which I saw you put to the 

rubber yesterday ? 

T. It is called /K^svo^M/ the rubber, by itself would produce 
but a slight excitation : its power, however, is greatly increased 
by kyinj^ upon it a little of this amalgam, which is maae of quick- 
silver, zinc, and tinfoil, with a little tallow or mutton-suet. 

J, Is there any art required in using this amalgam ? 

T. When the nibber and silk flap are very clean and dry, and 
in their place, then spread a little ot the amalgam upon a piece of 
leather, and apply it to the upper part of the glass cylinder wliilc 
it is revolving from you \ by this means, partides of the amalgam 
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will be earned hj the giass it self to the lower part of the robber, 

and will increase the excitation. 

r. I think I once saw a globe, instead of a cylinder, for an 
electrical macliiue. 

T. You might : globes were used before cylinders, but the 
latter are the most convenient of the two. The most powcrfid 
electrical machiii(>s are titled vrith flat plates of glass, borne of 
these arc very powerful. 

C. Yes : I have often seen the large one at the Polvteehuic ; 
th<' plate is seven feet in diameter; the snapping of the sjiarks is 
ahnosi ahirming, antl they are ten or twelve inches in leii^lh. 

/. Xb I was able to conduct the electricity from the oonauctor 
to the ground, could I likewiae act the part ci the chain, by con- 
dueting the fluid from the earth to the cushioa P 

T. Undoubtedlj: I will take off the diaiii, and now do yon 
keep your band on the ooehkm while I torn the handle. 

/. 1 see the works aa well as when the ehain was on 

the ground. 

T, Keep your present position, but stand on the stool with 
glass legs ; by which means there is now all oommunication cut 
between tne cushion and the earth ; in other words, the cusliion 
is completely insulated, and can only take from you what elec- 
tricity it can get from your body. Go, Charles, and shake hands 
with your brot her. 

C. It does not appear that the macliinc had taken all the elec- 
tricity from him, for he gave me a smart spark. 

T. You are mibtakeu ; be gave you nothing, but he took a spark 
from you. 

C. i stood on tlie ground; 1 was not electrified; how then 
could I give him a sj)ark ? 

T. The machine had taken from James the electricity that was 
in his body, and by standing on the stool, that is, by being insu- 
lated, he had no melms of receiving any more from the earth, or 
any surrounding objects : the moment, thnefore, you brought 
your hand near him, the eleotriailjf passed from yon to him. 

6w I certainly felt the spark; but whether it went ont of» or 
entered into, my hxad, I cannot tell : haTO I tiien less than my 
share nowP 

T. No ; w hat you gave to your brother was supplied immedi- 
ately from the earth. Here is another giass-leggcd stool ; do yon 
stand on this, but at the distance of a foot or two from your 
brother, who still keeps his place. T take the electricity from hun 
by tuniimr the machine, and, as he stands on the stool, he has 
now less than his share. But you have your natural share, be- 
cause, though you also are insulated, yet you are out of the mflur 
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ence of the macliine : extend, therefore, your hand, and gire him 
a part of the electric fluid that is in you. 
C. I have (piyen Mm a apark. 

And being yourself msulatod, you have now less than your 
natural quantity, to supply which, you shall have sorno from me; 
give me your baud. You draw it back without my touching it ! 

C. I Old, but it was near enough to get a strong spark from you, 

T. Wlien a person has less electricity than his natural share, he 
is said to be electriiied /Hi?im, or negatively ; but if he has more 
than his natural share, he is said to be electrified plus, or posi- 
tively. But these terms must })e used with great caution; because, 
after all, we are not quite sure wliich really is tlie state of having 
more, and which the state of having less, or whether there are 
Bneh states at all : for it is more than probable, that electricity is 
a/orce and not a tkui^. Bat we must not wander into this deviona 
path. We will use the term ; bat with the understanding that 
what we call plus or positive cdecbicity, is that produced on glass 
when it is rubbed with silk, and what we call mmos or negatiyesi 
is tliat produced on sealing-wax under similar drcumstanoes. 

C. Why do yoa lay such a stress apon the word on ? 

T. Because the rubber as well as the body rubbed became 
boik eleotrifiedf wui they assume the opposite states. So that 
when glass is made positive by a silk nubber, the rubber itself 
becomes negative. 

J\ Then, before Charles gave me the spark, I w\'\s electrified 
minus ; and w hen lie had given it to me, he was minus till he 
received it from you. 

T. That is right. Suppose you stand on a stool and hold tlie 
rubber, and Charles stand, on another stool, and touch the prime 
conductor l, while I tuni the machine, which of you will be plus, 
and which minus electriiied ? 

/. I shall be minus, because I give to the rubber : and Charles 
will be plus, because he receives irom the conductor what I gave 
to the rabber, and which is carried by the cylinder to the con- 
ductor. 

T. Yoa then have less than your share, and your brother has 
more than he ought to have. l4ow, if I get another glass-legged 
stool, I can take from Charles what he has too much, and give It 
to you, who have too littld. 

C. Is it necessary that you should be insulated for this purpose? 

T, By being insulated, I- may, perhaps, carry back to James 
the very electricity which passed from him to you. But, if I 
stand on the ground, the quantity which I take from you will ])ass 
into Die earth, because I cannot, unless I am insulated, retain 
more than my natural share. 
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/. And what is given hj you to me is likewise instantaneouriy 
supplied hj the earth? 

» T, It is. Let us make another experiment to 

show that the electric fluid is taken from the 
earth. Here are some little balls made of the 
pith of elder : they are pat on the thread c 
and bmng rerj light, are well adapted to oar 
purpose. 

"VVhiln the rliaiii is on the cushion, and Twork 
the niacliinr, do you briup: tlie balls near the 
conduf'tor, bv holdinj? the thread at d. 
/. They arc attracted by it; and now the two balls repel each 
other, as in the fif^ure x. 

T. I ouf?ht to liavc told you that the upper part J) of the line 
is silk, by whicli means yon know the balls are insulated, as silk 
is a non-conductor. 1 take the chain off from the cushion and put 
it on the conductor, so as to hang on the ground, while I lura 
the machine. Will the halls be affected now, if you hold them to 
Hae conductor ? 
/. No^ they are not. 
T, Take them to the cushion. 

C, They are attracted and repelled now, by being brought near 

the cushion, as they were before bv bring carried to the conductor. 

T, Yes, and you may take sparks from the cushion as you did 
just now from the conductor : in both cases it must be evident 
that the electric fluid is brought from the earth. 

Some machines are furnished with two conduc/orSj one of which 
is connected with the cushion, the other such as we have described. 
Turn the cvlindrT, and both conductors will be electrified: but any 
body which is brought within the inlluence of these will be at- 
tracted by one of the coiiductors, and repelled by the otlier; and 
if a chain or wire be made to connect the two together, neither 
will exhibit any electric appearances: they seem, tlicrefore, to be 
in opposite states ; accordingly, electricians say that the conductor 
connected with the cusliiou is negatively electrilied, and the other 
is positively electrilied. 

CONVBRSATIO^I V. 

Q/" Electrical AUracUoH and HepuUioa* 

J. What is this large roll of sealing-wax f or ? 

^. As I mean to explain, this morning, the principles of elec- 
trical attraction and repulsion, I have, besides the electrical ma- 
chine^ brought out for use a loU of sealing-wax, which is about 
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fifteen inches long, and an inch and a qnarter in diameter, and the 
glass tube. 

C. Are th^ not both dectncs^ and capable of bdn^ excited P 
T» Thej are ; bnt the electrid^ produced by excitmg them baa 

different or contrary properties. I will excite the glass tube, and 
Charles shall excite the wax. Now do you bring the pith balls, 
which are suspended on silk to the tube. They are suddenly 
drawn to it, and now they are repelled from one another, and 
likewise from the tuV, for you cannot easily make them touch it 
again : — but take tliem to the excited wax. 

The wax attracts them very powerfully : now they fall toge- 
ther again, and appear in the same state as they were in beiore 
they were brought to the excited tube. 

T. Repeat the experiment again and again, because on this two 
different theories have been formed ; one of which is, that there 
are two electricities, called, by some philosopliers, the vilrecm or 
positive electricity, and resinous or negative electricity. 

C. Why are they called vitreous ana resinous ? 

T. The word wmoM is Latin, and signifies air^ 
nnd the word mimm, used to denote tnat the dectricity prodnced 
by resins, wax, fto., possesses different qualities from that produced 
by glass. 

/ Is it not natural to suppose that there are two electricities, 
since the excited wax attracto the yery same bodies that the ex- 
cited glass rends ? 

T, It may oe as easily explained, by supposing that every body, 
in its natural state, possesses a certain quantity of the electricity, 
and if a part of it De taken away, it endeavours to ^et it from 
other bodies ; or, if more be thrown upon it than its natural 
quantity, it yields it readily to other bodies that come within its 
iuflnence. 

C. I do not understand this. 

T. If I excite this glass tube, the electricity which it exhibits 
is supposed to come from my hand ; but if I excite the roll of wax 
in the same way, the effect is, according to this theory, that a part 
of the electric fluid naturally belonging to the wax passes from it 
tluou^h my hand to the earth ; and the wax, being surrounded 
with the tar, which, in its diy state, is a non-conductor, remains 
exhausted, and is ready to take sparks from any body that may be 
presented to it. 

/. Can you distinguish that the sparks came from the glass to 
the hand ; and on the contrary, from the hand to the waxP 

T, No : the yelocity with which the electric spark moves renders 
it impossible to say what course it takes ; but I shall show you 
other experiments which seem to justify this theoiy : and, as Na^ 
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tare ilwajs works the nmnlett means^ it seems more ooiiMsieiit 
with her usual operatioiis that there ^ould be one fluid rather 
than two, providea that known (iaots oaa be equally well aeooonted 
for b J one as by two. 

C. Can you aooount for all the leading facts by either theory ? 

T. Yes, we can. Yon saw when the pith balls were electrified 
they repelled one another. It is a general prinoiple in electricity, 
that two bodies similarly electrified repel one another. 'But if 
dissimilarly, they will attract one another. ^ 

/. How is tins shown? 

T. I will hold this ball, which is insulated by a silk thread, to 
the conductor, and do you, Charles, do the same with the other. 
Let us now bring them together. 

C. No, we cannot : they fly from one another. 

T. I will hold mine to the insulateil cushion, and you shall hold 
yours to the conductor, while the machiue is turned: now I sus- 
pect they will attract one another. 

/. They do indeed. 

C The reason is this, that the cushion, and whatever is in con- 
taet with it, parts with a portion of its eleotncity ; but the oonduo*^ 
tor, and the adjoining bodies, have more than their share ; there- 
fore, the ball applied to the cushion being negatiydY eleetrified, 
will attract the one connected with the oonductw, which is posi- 
tively electrified. 

T. Here is a tuft of feathers, which I stick in a small hole in 
the conductor : now see what happens when I turn the cylinder. 

/. They all endeavour to avoid each other, and stand erect in a 
beautiful manner. Let me take a spark from the conductor : now 
they fall down in a moment. 

T. When I turned the wheel, thcv all had more than their 
share of the electric fluid, and therefore they repelled one another ; 
but the moment the electricity was taken away, thcv fell into their 
natural position. A large plume of feathers, wlicu electrified, 
grows beautifully turgid, expanding its fibres in all directions, and 
they collapse when the electricity is taken off. 

/. Could you make the hairs on my head repel one another ? 

T. Yes, that I can. Stand on the glass-legged stool, and hold 
the chain that hangs on the conductor, in your hand, while I turn 
the machine. 

C, Now your haurs stand all on end. 

/. And i feel sometliing like cobwebs orer mj feoe. 

T, There are, however, no cobwebs, but that is the sensation 
which a person always experiences if he be highly eLectiified. 
Hold the pith ball, Charles^ near your brother's face. 

/. It is attracted in the same manner as it was before witii the 
conductor. 
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T. House you may lay it down as a general rule, that all light 
Bubstances coming ^vithm the influence of an electrified body are 
attracted by it, wnether it is electrified positively or ne^tivdy. 

C, Because they are attracted by the positive electricity to re- 
ceive some of the superabundant quantity ; and by the negatiTe to 
give away some that they possess. 

T, Just so : and Avheii they have received as much as they can 
contain, they are repelled by the electrified body. The same thing 
may be shown in various ways. Having excited this glass tube, 
either by drawing it several times through my hand or by means 
of a piece of flannel, I will bring it near this small feather. See 
how Quickly it jumps to the glass. 

/. It does, and sticks to it. 

T, You will observe, that, after a mtonte or two, it will haye 
taken as much deotrieity firom the tube as it can hdd, when it 
will saddenlj be repelled, and jump to the nearest oondnctor; 
upon which it will mscharge the saperabundant electricity that it 
has acquired. 

/. I see it 18 now going to the ground, that being the nearest 

conductor. 

T. I will prevent it, by holding the electrified tube between it 

and the floor. You see now unwilling it is to come again in con- 
tact with the tube : by pursaing^ I ooi drive it where I please 

without touching it. 

C, That is, because the glass and the feather are both loaded 
with the same electricity. 

T. Let tlie feather toncli the ground, or any other conductor, 
and you will see that it will jump to the tube as fast as it did 
before. 

I will suspend this brass plate, which is about live inches in 
diameter, to the couductor, and at the dibtunce of three or four 
inches below I will place some small feathers, or bits of paper 
out into tiie figures of men and women. They lie vcfy quiet at 
present ; dbsenre their motions as socm as I torn the wheel. 
. /. They exhibit a pretty conntiy dance : they jump up to the 
top plate, and then down again. 

T. The same principle is erideat in all these experiments. The 
upper plate has more than its own share of the electric fluid, which 
attracts the little figures : as soon as they have received a portion 
of it, they ^ down to give it to the lower plate ; and so it will 
continue tiU the npper plate is discharged of its superabundant 
quantity. 

I will take away the plates, and hang a chain on the conductor, 
the end of which shall lie in several folds in a glass tumbler ; if I 
turn the machine, the electric fiuid will run through the chain. 



Digitized by Gopgle 



366 



XLECTfilClTY. 



and will electrify tlie inside of the g^lass. This done, I turn it 
qaicklv over eight or ten small })ilh balls, which lie on the table. 

C. 'rhis is a vcrv amusing sight : how tliey jump about ! They 
sen e also to tetcli the electricity ixom tlie glass and cany it to 
the table. 

T. If instead of the lower metal plate, I hold in my hand a pane 
of drv and very clean glass, by the corner, the paper figures, or 
pith l)alls, will not UKJve, because glass being a non-conducting 
substance, it has no {)ower of carrying away the superabundant 
electricity from the plate suspended from the oonductor. 

Take now the following results, and commit them to your 
memoir. ^ 

1. If two insulated pith balls be biOQght near the conductor^ 
they will repel each other. 

2. If an insulated conductor be connected with the CQsbion, 
and two insukted pith baUs be eleotrified by i1^ they will repel 
cacli other. 

3. If one insulated ball be electnfied by the prime conductor, 
and another by the conductor connected with the cushion, and 

they be brought near, (hey will attract eacli other. 

i. If one ball be clcctrilied by glass, and another by wai, they 
will attract each other. 

5. If one ball be electrified by a smooth, and another by arougb, 
excited glass tube, they will attract one another. 



CONVERSATION VL 

Cff Electrical Attraetum and BepuUum, 

T. I will show you another instance or two of the effects of 
electrical attraction and rcpidsion. 

This apparatus consists of three bells suspended from a brass 

wire, the two outer ones by small brass 
chains; the middle bell, and the two dap- 
pers fx, are suspended on allL From 
the middle bdl there is a chain which 
^es to the table, or any other condnrt- 
ing substance. The bells are now to be 
hung by c on the conductor, and the 
electrical machine to be put in motion. 
/. The dafypers go nom bell to bell, 
Pir. 4. and make very pretty music ; how do yon 

explain this ? 

T. The electric fluid runs down the chains a and b to the bells 
A n : these, having more than their natural quantity, attract the 
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clappers .r .r, wliich take a portion from a and b, and carry it to 
the centre beii 2i, and Una, by means o£ tlie chain, conveys it to 
the earth. 

C. Would not the same effect be produced if the clappers were 
not suspended on silk ? 

T. Certainly not : nor will it be produced if the chain be taken 
away from the bell n, because tken there is no way left to cany 
off the electric lluid to the earth. 

Another amusing experiment is thus made. Let there be two 
wires placed exactly one above another, and parallel ; tlie upper 
one must be suspended from the oondnctor, the other is to com- 
municate with the table. A light image placed between these will, 
when the conductor is electrified, appear like a rope dancer. 

This piece of leaf-brass , is called tne electric JUh; one end b a 
sort of obtuse angle, the other is acute ; if the large end be pre- 
sented towards an electrified conductor, it will attach itself to it, 
and, from its wavering motion, will appear to be animated. 

This property of attraction and repulsion has led to manyinyen* 
tions of instruments called electrometers. 

/. Is not an electrometer a machine to measure 
the strength of the electricity ? 

T. Yes ; and this is one of the most simple, and it 
depends entirely upon the repulsion which takes place 
between two bodies in a state of elcctritication. It 
consists of a light rod and a pith ball, hanging parallel 
to the stem, but turnin|j on the centre of a semicircle, 
so as to keep close to its graduated limb. Tins is to 
be placed in a hole a on the conductor l (see Fig. 2), 
ana accordingly as the conductor is more or less 
electrified, the oall will fly fiirther from the stem. nr* «» 

C. If the curcidar part be marked with d^;rees, you may ascer* 
tain, I suppose, pretty accurately, the strength of any gjiyen charee. 

T. Yes, you may; but you see how fast the air carries away uie 
electricity ; it scarcely remains a sinffle moment in the place to 
which it was repelled. Two pith bal& may be suspended parallel 
to one another, on silken threads, and applied to any part of an 
electrical machine, and they will by then: repulsion wmt for an 
electrometer ; for they will repel one another the more as the 
machine acts more powerfully. 

J, Has this any advantage over the other ? 

T. It serves to show whether the electricity be negative or 
positive; for if it be positive, by applying an excite(t stick of 
sealing-wax the threads will fall together agam ; but if it be nega- 
tive, excited sealing-wax, or resin, or sulphur, or even a rod of 
^lass, the polish of which taken off, vml make them recede 
farther. 
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We have now perhaps said enough respecting electrical attrac- 
tion and repulsion, at least for the present ; I wish jou, however, 

to coniiiiit tlic following? results to vour memory : 

1. Bodies that are electrified ivmfircltf repel each other. 

2. Bodies that are eleetritied ne<iali r^l)/ repel eaeh other. 

C. Do you mean that if two bodies have either unjre or less of 
the electric fluid than their uatund share, thejf will repel eack other 
if brou<^ht sufficiently near ? 

T. Tliat is exactly what I mean. 

3. Bodies eleetritied bj contrary powers, that is, two bodies, 
one having more and the other less than its natural share, attract 
eadi other rery stronglj. 

4. Bodies that are electiified attract light 81^ 
not electrified. 

Thne are facts which I trust have been made evident to jour 
senses. To-monow we will describe what is nsnaUy called the 
Leyden phiaL 



CONVERSATION Vn. 

Of the Leyden Phial ^ or Jar. 

T. T will take away the wires and the ball from the conductor, 
and then remove the conductor an inch or two farther from the 
cylinder. If the machine acts stronglv, bring an insulated pith 
ball, that is, one hangiu<^ on silk, to tlie end of the conductor^ 
nearest to the glass cylinaer. 

C. It is immediately attracted. 

T. Carry it to the other end of the conductor and see what 
happens. 

d It is attracted again; but I thought it would have been 
repelled. 

T. Then, as the ball was electrified before and is still oHraded, 
yon are sure that the electricities of the two ends oi the conductor 

are of dilTerent names ; that is, one is plus and the other miamt* 
J. Which is the positive, and which is the negative end ? 
T, That end of tne conductor which is nearest to the cylinder 

becomes possessed of an electricity different isom that of the 

cylinder itself. 

/. Do you mean, tlmt if the cylinder is positively electrified, the 
end of the conductor next to it is electrilied negatively ? 

T. I do ; and this you may see by holding an insulated pith ball 
between them. 

C. Yes ; it is now very evident, for the bail fetches and carries^ 
as we have seen it before. 
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T, "What you have seen with regard to the conductor is equally 
true with respect to non-couductinff bodies. Here is a common 

glass tumbler : if I throw withiiisiac it a greater portion of elec- 
tricity than its natural share, and hold it in my hand, or place it 
on any conducting substance, as a table, a part of the electric lluid, 
that naturally belongs to the outside, will make its escape through 
my body, on the table. 
C. Let me try this. 

T. But you must be carefid that you do not break the glass. 

C. 1 will hang the cliain on the conductor, and let the other end 
lie on the bottom of the glass, and James will turn the machine. 

T, YoQ mnst taike cm tlnA tli8 duui does not tmek the edge 
of the glass, because then the electrio fluid will, by thatT mtum, 
run from one aide of it to the oQier, and spoil the eq)eriment. 

J. HI have turned the machine enough, take the chain and tiy 
the two sides with the insulated pith baU. 

C, What is this P something has pieroed through my arms and 
shoulders. 

T. That is a trifling electric shock which you might have 
avoided, if you had waited for my directions. 

C. Indeed it was not trifling : I feel it now. 

T. This leads us to the Leyden phial, so called because the 
discovery was first made at Leyden, m Holland, and by means of 
a phial or small bottle. 

/. Was it found out in the same manner as Charles has just 
discovered it ? 

T, Nearly so. Mr. Cuneus, a Dutch philosopher, was holding 
a glass phial iu his hand, about half filled with water, but the sides 
above the water and the outside were quite dry, a wire also hung 
from ^ oendaclXMr of an electrieal madune ii^ the wrtsr. 

/. Bkltiiat answer to the dninf 

T. Jnst so : and, like Chailes, he was going to ^engage the 
wire with one hand, as he held the bottle in the other, m was 

surprised and akumied by a sudden sho^ in his anw and tfanmc^ 
his Dreast, which he had not the least expected. 

C. I do not think there was anything to be abained at. 

T, The shock which he felt was, j^bably, somethuig sevmr 
than that which you have just experienecd ; but the terror was 
evidently increasea by its coming so completely unexpected. 

When M. Mnscheubroek lirst felt the shock, which was by 
means of a tliin trhtss bowl, and veiy sUght, he wrote to M. Reau- 
mur that he felt himself struck in his arms, shoulders, and breast, 
so that he lost his breath, and was two whole days before he 
recovered from the effects of the blow. 

C, Perhaps he meant the fright. 

24, 
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T. Terror seems to have been the effect of the shock : for he 
adds, " I would not take a second shock for the whole kingdom of 
France." 

Mr. Ninklcr, an experimental philosopher at Leipsie, describes 
the shock as having jnven him convulsions, a heaviness iu his head, 
snok as he shoidd ted if a large stone were on it, and he had 
reason to dread a fever^ to prevent which he put himself on a 
course of cooling mcdidnes. **Twio^*' he say^ ^'it gave me a 
bleeding at the nose, to idiich I am not indhied; and my wife, 
whose curiosity surpassed her fears, xeoemd tiie shodc twice, and 
found herself so weak that she could scamly walk. NeverthelesSy 
in the course of a few days, she reoeiTea another ahod^^ which 
caused a bleeding at the nose." 

J. Is this called the Ley den phial F 



Bl 




Fly* C Fiff. 7. 7i|r> 

It is. Leyden phials are now made in this manner : a b, 

a. 6, is a glass jar, ooth inside and out being corered witk tin- 
about tuee parts of the way up, as fiur as 
€. Does the outside coTering answer to the hsnd, and the in* 

side covering to the water ? 

T, They do. The piece of wood s is placed on the top, merely 
to support the brass wire and knob r, to the bottom of which 
hangs a chain that rests on the bottom of the jar. I will now set 
the jar in such a situation, that it shall be withm two or tluee 
inches of the conductor, while I work the machine. 

/. The sparks fly rapidly from the conductor to the knob v, 
T. By that means the inside of the jar becomes charged \iith a 
superabundant quantity of electricity ; and as it cannot contain 
this without, at the same time, driving away an equjd quantity 
from the outside, the inside is positively electrihed, and tne out- 
side is negatively electrified. To restore the eouihbrium, I must 
make a communication between the outside ana inside with some 
conducting substance ; tliat is, I must make the same substance 
touch at the same time the outside tinlbil and that which is 
within, or, iHuch is thesams tiling^ aaoither aubstaaee that does 
touch it. 
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(7. The brass wire touches the inside : if I, therefore, with one 
hand touch the knob, and with the other the outside covering, will 

it be sufficient ? 

T. It will : but I had rather you would not, because the shock 
will be more powerful than I should wish either you or myself to 
experience. Here is a brass wire with two little balls or 
knobs b s (Jb'i^. 7) screwed to it. I will bring one of them, as 
to the outside, and the other, 6, to the ball v on the wire. (See 
i^ig. 6.) 

/. What a brilliant spark, and what a loud noise ! 

T. The electric fluid, that occasions the light and the noise, ran 
from the inside of the jar through the wire to s, and spread itself 
over the outside. 

C, Would it have gone through my arms if I had put one hand 
to tlie cmtside, and tonehed the wire commnnicatiDg witii the in- 
nde with the other? 

T. It woaki, and you may oonoeive that the shock would have 
been in proportion to the anantity of the fluid oolieeted. The in- 
stmrnent I used may be called a dischargin^-rod. But here is a 
more convenient one (Fig. 8^ : the handle d is solid glass, fastened 
into a brass socket^ and the lurasswork ia the same as in the kst 
figure ; o]d7,bjtiinungona joint, tiie arms may be opened to any 
extent 

/. Why is the handle glass ? 

T. Because ghiss being a non-conductor, the electric fluid passes 
through the brasswork without affecting the hand; whereas, 
with Uie other, a small sensation was perceived while I discharged 
the Jar. 

(J. Would the jar never discharge itself ? 

T. Yes ; by exposure to the air for some time, the charge of t he 
jar will be suently and gradually dissipated, for the superabundant 
electric fluid of tae inside will escape, by means of the air, to the 
ontndeof the jar. But electridaiis make it a role ne?er to leave 
ajar in its diMged state. 

/. What is w reason of this rule P 

T. To prevent accidents. A person coming into the room nn- 
awaies, by touching a charged ^ar, might receive a shock that, 
under peoiliar drcnmstanoes^ mig^t be attended with dangerons 
cansequenceSi 
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CONYEKSATION \U1. 

Cjf the Lejfden Jar-^Lane's Bischargimg EkctrnmUer^ and ikt 

Electrical Baitety. 

C. In discharging the jar yesterday, I observed that, when one 
of the discharging-rods touclicd the outside of tlie jar, the flash 
and report took place before the other end came in contact with 
the mss wire that oommnnieatwt with the inside coating. 

T. Yes, it aefes hi the snie Bunuier as when joti tin a sparic 
from the eoBduotor ; you do nsk, kx that purpose, bring your 
bmokle cIom to the tin. 

/. Sometimes, when the machine acts very poworfuUj, yon maj 
get tlie spark at the distance of several indies. 

T. By the same pnadfle, the higher an electrical or Jjejden 
jar is charged^ the more easily, or at a greater diitaaeej is it 
discharged. 

C. FrDin your experiments it does not seem that it will dis- 
charge at so great a distance as that in whioh a spark may betakes 
from the conauctor. 

T. Very frequently a iar ^vill discharge itself after it has accn- 
mulated as much of the electric fluid as it can contain; that is, the 
fluid which is thro\Mi on the inside coating will make its way along 
the surface of the ^lass, to the outside coating. 

/. In a Leyden jar, after the first discbacge, yon always, I per- 
ceive, take another and a smaller one. 

T. The whole ch^ge will not pass at first from the inside to the 
out : what remains is called the rmdmimy and this, in a large jar, 
wonld ^ve yon a oonaiderBhle shoek; therefore, I advise yon * 
always, m disduoging an electrical jar, to take awwr the xeai^^ 
helore yon ventore to remoye the a{)paratQS. I wi&BOwdeserihe 
an electrometer, which depends for its aotiott am the piiiieiples we 
have been describing. 

C*^ Do yon mean upon the jar's disch^ing before the outside 
and in»de coating are actually brought into ccmtaet ? 

T, I do. The arm i> is made of {ulass, 
and proceeds from a socket on the wire ol 
the electrical jar p. To the top of the glass 
arm is cemented another brass socket E, 
through which a wire, with balls b and c at 
each end, will slide backwards and forwards. 

/. So that it may be brought to any dis- 
tance from the ball a, which is on the wire, 
connected with the inside of the jar. 
T, Just so. When the jar r is set either in contact with, or 
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very near, the oonduoior, as it is represented in the figure, and the 
ball B is set at the distance of the eighth of an inch from the ball 
A, let a wire k be filed between the ball c and the outside coating 
of the jar. Then, as soon bb the machine is worked, the jareannot 
be charged beyond a certain point, for, when the charge is strong 
enough to pass from a to the ball b, the discharge will take place, 
and tlic electric fluid, collected in the inside^ will pass through the 
wire K to the outside coating. 

C, If you remove the balls to a greater distance from one 
another, will a stronger charge be required before the fluid can 
pass from the inside of the jar to the ball b of the electrometer ? 

1\ Certainly : and therefore the discharge ^vill be much stronger. 
The machine is called Lane's Discharging Lioctrumcter, from the 
name of the person who invented it. 

This box contains nine jars or Leyden 
labials: the wires, which prooeod iiraBi tbe 
mside of each three of thoBe jars, an 
Mirewed or fsuiteDod to a commoii bori- 
jontal wiie £, which is knobbed at eaok 
extremitv; aiid by means of the wires f r 
the inside coating of three or so, or the 
whole nine, may be oooneoted. 

/. Is it a oommoa box in which the jan 
are placed ? 

T. The inside of the box is lined with tinfoil ; sometimes very 
thin plates are used, for the purpose of connecting more effectually 

the outside coating of the jars. 

C. What is the nook c on one of the sides of the box for ? 

T. To this hook is fastened a strong wire, which communicates 
with the inside lining of the box, and that, of course, with the out- 
side coating of the jars. And, as you see, to the hook a wire is 
also fastened, which connects it with one branch of the discharging- 
rod A. 

/. Is there aiiyparticnlar art to be used mcharginj^ a battery? 

T, No : the best way is to bruv a chain, or a piece of wire, 
from the conductor to one of the baUs d d on the rods that rest 
npon the jars, and then set the rnaddne to wcdL The electric 
fluid passes from the conductor to ihe inside of all the jars, tiU it 
is chwged sufficiently high for the purpose. Great caution, how- 
ever, must be used when you come to make experiments with a 
battery, for tear of an aoddent, either to yourself or to the 
spectators. 

C. WouM a shock itook this be attended with any bad conse- 
quences P 

T, Yes ; veiy serious accidents may happen from the electricity 
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accumulated in a larpr^" battery ; and even with a battery such as 
is represented in the liguie, a shock may be given, which if passed 
through the head, or other vitrd parts oi the body, may be ctteuded 
with verj' mischievous clTects. 

J. How do you know when the battery is properly charged ? 

T. The quadrant electrometer (Pig. 5) is the best guide, and 
tliis may be fixed either on the conductor or upon one of the rods 
of the battery. But if it is fixed on the battery, the stem of it 
should be of a good length, not less than twebe or fifteen inches. 

C. How h^h will the index stand when the faatteiy is char^ ? 

T. It will seldom rise so ki|^ as 90^, because a madune^ under 
the most &Tonhle diCQiiiBtaiioeSyCaiiiiot diaigeabafttenr bo high, 
in proportion, as a single iar. Yon may reckon that a oaltery is 
well onanwd when the incbBX. xisea as hi^ as 60^ or between that 
and 70^. 

J. Is there no danger of Ineaking the jars when the batteiy is 
Terr highly chai]g[edP 

jt. les, there is ; and if one jar be cracked, it is impossible to 

charge the others till the broken one be removed. To prevent 
accidents, it is recommended not to discharge a batterv through • 
good conductor, except the circuit is at least five feet long. 

C. Do you mean tne wire should be so long ? 

T. Yes, if you pass the charge through a wire^ but you may 
carry it through any conductor. 

Before a battery be used, the uneoated part of the iars must be 
made perfectly clean and dry ; for the smallest particles of dust or 
moisture will carry away the electric fluid. And, after an explo- 
sion, take care always to connect the wire on the hook with the 
bdl, toprerent any residnnin remaining. 

/. Haye not sumI animals been sometimes lolled by an 
batteiy? 

T, Yes : rats, and mice, and pigeons haye been tilled ingta«ti|y 
with discharges from a batteiy. 



CONVERSATION IX. 
ISxpsrimeiiU made wUh th Eleeirieal BoHery. 

T. I will now show you some experiments with this large battery. 
To perform th(;se in perfect safety, I must beg you to stand a 
gooa distance from it : this will prevent accidents. 

Ex. 1. I take this quire of writing-paper, and place it against 
the hook or wire that comes out of the box ; and when the batteiy 
is charged I put one ball of the disofaargiug-rod to a knob of one 



Digitized by Gopgle 



EX1PEBIMENTS. 



876 



of the wires 7, and bring the otto knob to l^t part of the paper 
that stands against the wire proceeding from the box. Ton see 
what a hole it has made through eveij sheet of the paper. Smell 

the paper where the perforation is. 
C It smells like sulphur. 

T. Or more like phosphorus. You observe, in this experiment, 
that the electric flmd passed from the inside of the jars, through 
the conducting rod and paper, to the outside. 

J. Why did it not pass through the paper in the same manner 
as it passed the brass dischar^ng-rod, in which it made no hole. 

T. Paper is a non-conductmg substance, but brass is a con- * 
ductor : through the latter it passes without an^ resistance, and, 
in its endeavour to get to the inalde of theboz« it bntat the paper. 
The same thing would haye hajjpened hiftd there been twice or 
thiioe as much paper. The electric fluid of a single jar will pierce 
through many siieeta of paper. 

C, Would it serve any other non-conducting subatance in the 
same manner P 

Yes ; it will even break a thin piece of glass, or of resin, or 
of sealing-wax, if it be interposed between the dischaigiiig-rodand 

the outside of the coating of the battery. 

Ex. 2. Place a piece of loaf-sugar in the situation in which the 
uire of paper was just now, the sugar will be broken, and in the 
ark it will appear beautifully illuminated, and remain so for many 
seconds of time. 

Ex. 3. Let the small piece of wire proceeding from the hole in 
the box be laid on one side of a plate, containing some spirits of 
wine, and on the opposite side of the plate Dring one of the 
knob^ of the discliarging-rod, while the other is carried to the 
wires connected with the inside of the jars. 
C. Then tiie electric fluid will have a passage through tiie apbit. 
T, It will set it on fire instantiy. 

Ex. 4. Take two slips of common window-glass, about -four 
inches long, and one inch broad : put a slip of gold leaf between 
the glasses, leaving a small part of it out at end; then tie 
the glasses toother, or press them with a heavy wei^t, and send 
the charge of the battery through it, by connecting one end of 
the glass with the outside of the jars, and bringing Sie discharg- 
ing-rod to the other end« and to the wires of ^inside of the 
batterv 

/. Will it break the j-lass ? 

T. It probably will ; but whether it does or not, the gold leaf 
will be forced into the pores of the glass, so as to appear like glass 
stained with gold, ^vllich nothing can wash away. 

£x. 0. If uie gold leaf be put between two cards, and a strong 
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cliargc passed through it, it will be completely fused or melted, the 
marks oi' which will app^niron the card. 

Xhis instrument, calkxi a universal discharger, is very useful for 

pjLssing charges through many sub- 
stances. B B are glass pillars, ce- 
mented into the frsune A. To eadi 
of the pillan U cemeg t ed abnas 
cap, and a douMe joint for horisan- 
tu and yortiod notioa; on the top 
of each joint is a spring tube, whiw 
Fiff. iL holds the shdiug wiraa # #, so that 

thej mtj be set at yarioos distances from each other, and turned 
in anjdureetion : the extremities of the wires are poiutedt bat 
with screws, at about half an ijuk from the po^nts^ to receiye 
balls. The table e d, inlaid with a piece of ivory, is made to move 
up and down in a socket, and a screw fastens it to any required 
Iieif.dit. The rini^s c c are very convenient for fixing a chain or 
wire to thcni, which ])ror(H'ds from the conductor. 

C. Do you lay anything on the ivory, between the balls, when 
JOU want to send the charges (jf a battery through it? 

T. Yes ; aiid by dniwing out the wires the balls 
H may be separated to any distance le&s than the length 
^■■1 'jji M^ of the ivorv. h represents a press which may be 
w substituted in the place of the table E d. It con- 
sists of two flat pieces of mahogany, which may be 
bnnu^t to^[ether oj soreva. 
/, Then, ii^tead of tymg the slips ol ghiss together in Es. 4 
JOU might have done it better by making use of the press ? 

T. I mi^t ; but I was willing to show you how the thing coold 
be done, if no such apparatus as this were at hand. The use of 
the table and press, which, in fact, always go together, is for keep- 
ing steady all descriptions of bodies through whwh the diarge of 
a single lar, or any number of which a battery consists, is to be 
00nv(;yed. We wdl now proceed with the experiments. 

Ex. 6. I will take the knobs from the wires of the universal dis- 
charger, and having laid a piece of very dry writing-paper on the 
tabh" K, 1 phice the points of the wires at an inch or more from one 
another ; then, by connecting one of tlie rings c with the outside 
wire or hook of the battery, and bringing the discharging-rod from 
the other ring c to one ol" the knobs oi the battery, you will see 
that the paper will be torn to pieces. 

Ex. 7. The experiment which I am now going to make you 
must never attemot by yourselves. I put a little gunpowder in 
the tube of a quiu, open at both enda^ and inaeii t£s pointed eir 
tranitiea of thetwowiieaini^aoaatobeirithinaquartercf an 
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uich or less from each other. I now send the charge of the bat- 
tery through it, and the gunpowder, you see, is instantly scattered 
about, and although the spark has passed through it, it is not in- 
flamed. In order to ignite it, it is necessary to allow the charge to 
pass along a bad conductor, so as to present a resistance to its 
course And now, if I interpose a piece of moist string in the 
circuit, it is readily ignited. 

Ex. 8. Here is a very slender wire, not an liundredth part of an 
inch in diameter, which I connect with the wires of the discharger, 
and send the charge of the battery through it, which will com- 
pletely melt it, and you now p«roeive the littie globulee of iron 
instead of the tlun wue. 

a Will oiiier iron be mdted in the wane uannerP 

^ T, Yes : if the battezy be large enou^ and the wires suffi- 
oiently thin, the experiment will saoeeed with them all : even wdth 
a single jar, if it be pret^ large, very slender wire may be fused. 

C. That is a clear proof that the superabundant electricity aoott- 
mnlated in the inside is carried to the outside the jais. 

T. Ex. 9. We have in some former conrersations discussed the 
subject of magnetism ; and we may here observe that, by discharg- 
ing the battery through a small se\ving-needle, it will beconie mag- 
netic ; that is, if the needle be accurately suspended on a small 
piece of cork in a basin of water, one end will, of itself, point to 
the north and the other to the south. 

Ex. 10. I will lay this chain on a sheet of writing-paper, and 
send the charge of the battery through the chain ; and you will 
see black marks will be left on the paper in those piuuif wiicre the 
rings of tlie chain touch each other. 

Ex. 11.^ Place a small piece of very dir wood between the balls 
of the nniTersal discharger, so that the niires of the wood may be 
in the ctiiedtion of the wir»s, and pass the ohaige of the battery 
through tbem ; the wood will be torn in pieces. The points of thie 
wires being run into the wood, and the shock passed liiron^ 
them, will effect the same thing. 
Ex. Id. Here is a glass tube, open at both ends, six inches 



with wires in them, exactly fit the ends of the tube. I put in one 
cork, and fill tlie tube witli water, then put the other cork in, and 
push the wire so that they nearly touch, and pass the charge of 
the battery through them; you see the tube is broken, and the 
water dispersed in every direction* 

C. If water is a good conductor, how is it that the charge did 
not run through it without breaking the tube ? 



* To prpvfnt accidents, n wire cnge, such at \% nird in aoin* •xperlmenu oa tbit nir> 
pump, should \xf put ovir tlie Kwhm before Uw 4ia^Wg« !• mft4* I j^W^fi ^fltXWMM lHwHA 

not atMmiit this tsp«rimcMt bj^ UmiumIvm. 




These pieces of cork. 
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3C. Tbe electric action ommrts the waler into a highly elastic 
vapour, which, occupying Tei!T snddeDlj a much laiger space than 

the water, bursts the tube before it can effect any means of escape. 

In some instances, the electric fluid decomposes the water, 
which is instantly converted into two elastic phases, that occupy a 
vast deal more space than the water^ from which they are produced. 



co:nyeiisation x. 

ike JEleeiric Spari, and Mueeliimetm EjfpeiimeMis. 

T. I wish you to observe some facts connected with the electric 
spark. By means of the wire inserted in this baU I fix it to the 
end of the conductor, and brin^ either another brass ball, or my 
knndde to it» and if the machine act pretty powerfully, a long, 
crooked* brilliant apaik wiU pass between the two haUflt, or betwem 
the knncUe and ball. 

C. Does the sise of the spark depend at aU on the sise of the 

conductor ? 

T. The longest and largest sparks are obtained from a lai^ 
conductor, provided the machine act veiy powerfully. When the 
J[nanti1y of electricity is small the spark is straight ; but when it 
IS strong, and capable of striking at a greater distance^ it assames 

what is called a zij^-zag direction. 

/. If the electric fluid is lire, why does not the spark, which 
excites a painful sensation, bum me, when I receive it on my 
hand? 

T. Ex. 1. I have shown you that the charge from a battery 
will make iron wire red-hot, and inflame gunpowder. Now stand 
on the stool with glass legs, and hold the cnain from the conductor 
with one hand. Do you, Charles, hold this spoon, which contains 
some spirit of wine, to your brother, while I turn the machine, 
and a spark taken from ms knuckle, if large, will set fire to the 
spirit. 

C. It has indeed. Bid yon do nothing with the apiritP 

T. I only made the silver spoon pretty warm before I pat the 

spirit into it. 

Ex. 2. If a ball of box-wood be placed on the conductor instead 
of the brass ball, a spark taken from it will be of a fine red colour. 

Ex. 3. An ivory ball placed on the conductor will be rendered 
very beautifol and luminons^ if a strong spark be taken through 

its centre. 

Ex. 4. Sparks taken over a piece of silver leather appear of a 
green colour^ and over gilt leather of a red colour. 
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Ex. 5. Here is a fflass tube, 
round which, at small distances 
from each other, pieces of tin- 
foil are pasted in a spiral form fj^, ij^ 
from end to end : this tube is 

inclosed in a larger one, fitted with brass caps at each end, which 
are connected with the tinfoil of the inner tnbe. I hold one end 
▲ in my lumd, and while one of yon turn the machine, 1 will pre- 
sent tne other end b to the condoctor^ to take aparka from it. 
But first shut the window-shntters. 

Tliis is a Teiy heantiful experiment. 

T, The beautj of it consists m the distance which is left be- 
tween the pieces of tinfoil; and, by increasing the nnmber of 
these distances, the brilliancy is Teiy mueh heightened. 

Ex. 6. The following is an- c 

other experiment of the same | ^^.t ^ ^^ g«!^gf;^^?^gT~~^ 
kind. Here is a word, with ^^_lDffi^^|Wgy^|j^||g| 
which you arc acquainted, ^ 
made on glass, by means of ^* '** 

tinfoil pasted on glass, fixed in a frame of baked wood. I hold 
the frame in my hand at h, and present the ball g to the con- 
ductor, and at every considerable spark the word is beautifully 
iiluiiiinated. 

Ex. 7. A piece of sponge Med with water, and hung to a con- 
ductor, when eleotiifiea in a daric room, exhilnta a brautifiil ap- 
pearance. 

Ejl. 8. This bottle is charged: if I king the brass knob that 
stands out of it to a basin of water whicn is insnlated it will 

attract a drop ; and, on the removal of the bottle, it will assomea 
conical shape, and, if brou^t near any eondnctlng sobstanoe^ 

will fly to it in luminous streams. 

Ex. 9. Place a drop of water on the conductor, and work the 
machine ; the drop will afford a long spark, assume a conical figure, 

and carry some of the water with it. 

Ex. 10. Oil this wire I have fixed a piece of sealing-wax, and, 
having fixed the wire into the end of the conductor, 1 will light 
the wax, and the moment the machine is worked the wax will fiy 
off in the finest filaments imaginable. 

Ex. 11. 1 will wrap some cotton wool round one of the knobs 
of my discharging-rod, and fill the wool with finely bruised resin ; 
I now discharge a Ley den jar, or a battery, in the common way, 
and the wool is instantly in a blaze, llie covered knob must 
tooch the knob of the jar, and the discharge should be effected as 
quickly as possible. 

Ton will remember that the electrie laid always chooses the 
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road prosrntiiig lea^t rcsistaucc ; iu proof of which take the fol- 
lowing experiiJieut : 

^j^rn this dudn I make a sort of tiie 

~\ /\ wire w toadies the outside of a charged jar, and the 
Y y wire s is bnmgfat to the kabb of the jar, aiid in the 
i daik a fanUiant w is visible. But if the wire m is 



n«. 15. contiBaed to the electric fluid takes a shorter road 
to M, and, of course, only half the w is seen, viz. that part marked 
fn 2 y ; but if, instead of the wire cr m, a cby atkdc be laid in its 
phiro, the rlootric matter will prefer a longer circuit, ratlw than 
go through a bad conductor, and the whole w will be illuminated. 

Ex. l.S. Here is a two-ounce phial, half full of salad-oil; throu2rli 
the cork is passed a piece of slender wire, the end of which, within 
the pliial, is so bent as to touch the glass just below the surface 
of the oil. 1 place my thumb opposite the point of the wire in 
the bottle, and in that position take a spark from the charced 
conductor. You observe that the spark, to get to my thumb, lias 
actually perforated the glass. In the same way I can make holes 
all round the })hial. 

C, Would the experiment succeed with water instead of oil ? 

T, Ko, it would not. 

/• At any rate we see the oonne of Ihe deotiio fldd in this 
experiment ; for the spark comes from the conductor down to the 
wne, and tinoop^the i^ass to the thumb. 

T. Its direotion is, fiowever, bettor shown in this waj : 

Ex. 14. At that end of the conductor which is farthest from 
the maehine I fix a brass wire about six inches long, having a 
small brass ball on its extremity. To this ball, when the »nmnhm^ 
is at work, I hold the flame of a wax taper. 

C. The flame is evidently bbwn horn the ball, in the direction 
of the electric fluid ; it has a similar effect to the blast of a pair 
of bellows. 

Ex. 15. 1 w^ill fix a pointed wire upon the prime conductor, 
with the point outward, and another like wire upon the insulated 
rubber. Shut the window-shutter, and I will work the Tna/>hiTi^. ; 
now observe the points of the two wires. 

/. They both are illuminated, but differently. The point on 
the conductor sends out a sort of brush of fire, but that on the 
rubber is illuminated with a star. 

T, You see, then, the diffinenoe between the poaitm and nega- 
tive elec tri c ity . Their apperancesare swffieientiy disHnct in ahnoat 
every experiment whioh can be made. If astoong positive ekdne 
itremn be thrown on theiat side of an nnhiselated sheet of paper, 
it will form a star ; but native dectridty^ under the 
eomsftsnoes, throws out brashes. 
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C, Does the spark exist for any measurable time ? 

T. No : and this is readily proved. You see this piece of 
apparatus, which is nothing more than a large white disc, having 
a horse or other device pamted on it, and fitted to a contrivance 
for giving it rajjid rotation. I will now turn it very quickly, 
while the room is lighted by candles, and the horse is entirely 
lost ; all you see is a darkish dise: I wSX now lemoye the candles, 
ttid me it a nflmartary light by a flask fam a jasUd : ike horse 
ia stul invisible. Bat, wlnt cecora now, wIma I ilhisd^ it with 
electric sparka P 

C. Why, you have left off loftatmg it ; it is quite still. 

T. You are mistaken; it revolved as fast as ever: but the 
ekotrio vgutk existed for so short a time, that the dise would not 
ma^e orer any sensible speee in that tuoM^ and eonse^pienUy it 
iq[»peaied pemDtly atiL 



CONVERSATION XI. 

MUeMmeoui Bs^pmmmUs — Of the Electrophorui^Of the Meefrth 

meter, and the Thunder House, 

T. I shall proceed this morning with some other experiments 
on the electrical machine. 

Ex. 1. Heie arc two wires, one of which is connected with the 
outside of this charged Leyden jar, the other is so bent as easily 
to touch the knob the jar. llie two straight ends I brinff 
within the distance of tiie tenth of an ineh of (me another, ana 
mess them down with ny theanb, and in tins position, hatvin; 
oarhened the roomy I cUschaige the jar. Do yon Ick^ npoa mj 
thumb. 

(7. It was so transparent that I think I even saw the hone of 

the thumb. But did it not hurt jon very much P 

jT. With attention, you might observe tne principal blood-vessels, 
I believe; and the only inconvemenoe that I felt was a sort of 
tremor in my thumb, which is by no means painful. Had the 
wires been at double the distance, the shock would have probably 
made my thumb the circuit, which must have caused a more power- 
ful and unpleasant sensation ; but, beini^ so close, the electric fluid 
leaped from one wire to the other, and during this passage it 
illuminated niv thumb, but did not p:o through it. 

Ex. 2. If, mstead of my thumb, a decanter full of water, having 
a flat bottom, were placed on the wires, and the discharge made, 
the whole of the water will be beautifully illuminated. 
Ex. 3. This small pewter bucket is full of water, and I suspend 
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it from the prime condactor, and nut in a ^lass syphon, with a 
bore so narrow that the water will hardly drop out. See what 
will happen whea I work the mapJiinft • bat first make the room 
dark. 

/. It runs now in a full stream, or rather in several streams, all 

of which arc illuminated. 

ua^^qh T. Ex. 4. If the knob a communicate with the outside 
/jj, \ of a charged Lcyden jar, and the knob d with the inside 
K coating, and each be held about two inches from the 
Jifi liffhted candle and opposite to one another, the flame 
Ti«. li* wul spread towards each, and a discharge will be made 
through it : tlua ahowB the oondueting power of mme. 

This instroment, whioh oonsifltB of two cucolar plates, 
^ of idddh the laigest b is aboat fifteen inches in diameter, 
and the other ▲ fborteen inches, is called an ekeircpJkonif. 
^ The wtder plate b is made of glass, or sealmg-wax, or of 
r\g. 17. j^j^y other non-conducting substance ; I have made one 
with a mixture of pitch and chalk boiled together, which answers 
very welL Tlie upper plate a. is sometunes made of brass and 
sometimes of tin plate, out this is of wood covered very neatly 
with tinfoil : x is a glass handle fixed to a socket, by which the 
upper plate is removed from tlie under one. 
C. What do you mean by an electrophorus ? 
T. It is, in fact, a sort of simple electrical machine, and is thus 
used. Hub the lower plate B with a fine piece of new flannel, or 
with rabbit's, or hare's, or cat's skin; and when it is well excited, 
place upon it tlie upper plate a, and put your finger ou the upper 
plate : then remove this plate bj the glass handle 2*, and, if vou 
apply it to the knob of a coated jar, you will obtain a spark, 'this 
operation may be repeated maaj times, wiUumt exciting again the 
under phite. 
/. Can you charge a Leyden jar in this way P 
T, Yes, it has hSsn. done, ana by a single excitation, so as to 
pierce a hole through a card b^ means of the jar thus chai^d. 

Here is another kmd of electrometer, which may be 
made ezceedinglv accurate ; that is, it is capable of dis- 
covering the smallest quantities of electricity, a is aj^ass 
jar, B the cover of metal, to which are attached two pieces 
of f^old-leaf x, or two pith balls suspended on threads : on 
the sides of the glass jar are two narrow strips of tin* 
foil, z z. 

C. How is this instrument used ? 
Fiff. 18. Anything that is electrified is to be brought to the 

cover, which will cause the piece of gold-leaf, or pith balls, to 
diverge; and the sensibility of this instrument is so great, that 
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tlie brush of a feather, the throwing of chalk, hair-powder, or dust, 
against the cap b evinces strong signs of electricity. 

Ex. 5. Place on the cap b a little cup of pewter, or any other 
metal, having some water in it : then take from the fire a live 
cinder, and put it in the cup, and the electiioiiy of yapour is very 
admirably exhibited. 

A thnnder^oud passing over this instrument "will oaoae the 
slips of gold-leaf to oiyeige and strike the aides at every flash id 



Ex. 6. I will excite this stick of sealing-wax, and bring it to the 
cover B : you see how often it oaases the gold-leaf to strike against 

the sides of the glass. 

/. Are the slips of tinfoil intended to carry away the electrio 
fluid communicated bv the objects presented to the cap b ? 

T, They arc; and by them the equilibrium is restored. 



C, I thought all its effects originated in its attraction for matter. 

T. No ; this is not going to the foundation : for its attraction 
for matter depends on induction. Turn the machine, while I hold 
this light pith oall near to it : you see it is very violentljr attracted. 
But we wtUI now take some heavier substance, which Ywk be more 
quiet, and permit us to examine its condition. Here is a large 
brass ball, which we will suspend by a silk thrcarl from the ceiling, 
near the conductor. I will now turn the maclune, and you may 
apply your knuckle to tlie further side of the brass ball. 

C. Why, I have obtiiiiicd a spark, and yet no electricity passed 
from the machine to the ball 

T. True : now take the silk thread, and carry the ball carefully 
awagr from the macliine, and touch it again. 

C. I obtain another spark. 

T. If you will now again suspend the ball near the machine, and 
then remove it without having previously touched it, you will not 
obtain a spark. 

C. No, I do not ; so that there appears to be some rdation 
between the two sparks i but what most puzzles me, is how the 
ball 18 able to give thesj9sparks» seeing thi^ in neither case is any 
eleotricity imparted to it* 




CONVERSATION XIL 
(h Induction. 
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T. The effect vou Iktc ol)serve is a capital illustration of induc- 
tion. When any lx>dy, no matter how larpe or how small, is 
charged, whether much or little, with electricity, it disturbs the 
natural electricity of all tlic bodies about it ; and when these bodies 
an; eouductors, and tl»e electricity therefore is free to move, it 
recedes to the side of the body most distant from the cause of 
disturbance. So that, in point of fact, our brass ball becomes 
positiyelY eleetxified on ils mace diiteiit side ; and, eonseqiieiitljx 
negatively on its nearer aide. 80 that, when you toudiedf it, tae 
poMtive eleotrieitj escaped; sad when you afterwards moTed it 
■my firam the exsmng oaosi^ it was ne^itiveiy charged, for yos 
had takea some of its electricity away, and on then touching it, 
you restored it to its natural state by giving itbaidLtiie electricity 
which it ieq[iiired. 

/. You said that all electrical phenomena weie due to indoetioii; 
I cannot see how this applies to the Leyden jar; for there you 
actually give electricity. 

T. ^rue : but I can soon show you that I cannot give it elec- 
tricity, unless I allow induction to play its proper part. Place 
the Jar on the insulating stool, and then charge it. 

J, T have turned for some time, but I scarcelv obtain any charge. 

T. jSo : but now rej)eat the experiment, and at the same time 
hold the knob of another jar to the outer coating of tlie fonner. 

C. Look, James, look ; the sparks now enter the first jar, and 
actually pass through the glass, antl tly off and enter the second. 

T. Not so ; for if you eitamine^the first jar, you will find it veiy 
highly charged. The fact is, when yon send a charge to the inner 
side of the jar, it disturbs the eauihUiani of the outer side;, and 
nnkss an escape is niovided for tM electmity thus eM 
oliaige cannot be added to the interior; so lhat, in point of Im^ 
you nnist allow about as nmoh electricity to escape from the outer 
side as you add to the inner. Again : althougli the jar is veiy 
highly cnarged, you may take hold of tlie knob with impunity, se 
loag as it staads on the insulating stool, for the charge cannot 
leave the inner coating until the outereoating is enabled to wgok 
what it had lost. 

C. But I cannot comprehend how this induction can occur to a 
thing so far r(unoved from the inducing eaose as was the brass 
ball m our late experiment. 

T. Dr. Faraday, by dint of very patient investigation, has 
proved that the power is transmitted from })artiele to particle 
along the air that intervenes. Each particle of air or glass, as the 
case may be, becomes polarized, just as did the brass ball ; but 
the brass ball being a conductor, that is, having the power to 
allow of a free movement of the electricity, tl^ force is then 
manifested. 
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C. I should like to have some otlier iUnstEatkm of thifl curiov 

property. 

T. Hold this small Levdeu jar in your liand and apply the knob 
to the prime conductor, untd it is charged. Now take tlie other 
small jar by the knob and apply the coaling to the prime conductor. 
By this means you obtain two jars, one positively charged, the 
other negatively. Now take one iii each hand, and touch the two 
knobs together. 

C, I know what will happen : the charges will neutralize each 
other ; for, as one has more than its share, and the other less^ the 
charge of the fonner will flow into the latter. Oh ! oh ! what 
a shook it ga?e me; how was tbisP I did not toooh anything 
besides the oater coatings. 

T. No : but joa IumI forgotten that» as you diatged iJiem* 
pduotion had been necessary and had operated, so that, while the 
inner coating were reqiectiTely positive and negative, the outer 
were negative and positive, and the two fonner conld not be 
neutralized, unless the two latter were also ; and this was brought 
about by the intervention of your body, and you felt the effect. 
But if you had placed these two jars on insulating stands, and 
had joined their Knobs by a wire, you coidd not discharge them 
80 long as their outer coatings remained unconnected. 



cok\t:e.sation xni. 

0/ Atmofpherical EleetricUjf, 

C. You said that the electrometer was affected by thunder and 
lightning : are lightning and electricity the same P 
T. They are ; the demonsixadoii of this is doe to Dr. Franklin. 
/. How did he ascertain this fisot P 

r. He was led to the tfaeoiy torn observing the powar which 
iminsulated have in dnwing off the electricity from bodies; 
and having formed his system, he was waiting for the erection 
of a spire, in Philadelphia, to carry his views into exeoatioii* when 
it occurr^ to him that a boy^s kite woold answer his purpose 
better than a spire. He therefore prepared a kite, and having 
raised it, he tiea to the end of the string a silken cord, by wliich 
the kite was completely insulated. At the junction of the two 
strings he fastened a key as a good conductor^ in order to take 
sparks from it. 

C. Did he obtain any sparks ? 

T. One cloud, which appeared like a thunder-cloud, passed 
w ithout any effect ; shortly after, the loose thieads of the liempeu 

25 
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string stood erect, in the same manner as they would if the string 
had been hung on an electrified insulated ccmdactor. He thai 
presented his Innckle to the key, and obtained an erident spuL 
Others succeeded before the stnng was we^ but when the nan 
had wetted the string he ooUeeted the electricity Tery plentilii%: 

by thf phosphor ligrht.with dnringr tr*Bd, 
Immortal Frnnkliti »ou(rht the firry hrd ; 
\\'hpr«, nursed iti ui^ht, iurnrobrnt trmpcst ftbroads 
The seeda ot' thtindrr in cirrutnfluent etoa^St 
Bcaicmd with iron point* bis min mU* 

Aa4 ^efM4 tlM ao«M«r tUmmA^tn^ ta Ow iMU Dabwim. 

J. Could I do so with our large kite F 

T. I hope you will not try to raise your kite during a thunder- 
storm ; becansp, without very great care, it may be attended with 
the most serious daiifrcr. Professor Rielimann, of St. Petersbunjh, 
was struek dead, in attemptiiiir to draw lightning from the eIoud>. 
Your kite is quite larije enough for a cautious experiment, heina: 
four feet high, and two feet wide. Everything aepends ou the 
string which, according to Cavallo, who has made many expcri- 
- ments on the subject, should be made of two thin threads of twine, 
twisltd with a copper thread. And to Mr. Cavallo's work on 
electricitv, vol. ii, such persons as are desirous of raising kites, 
for electrieal purposes, should be referred, iu which they will find 
ample instmctioE. 

u How do the conductors which I have seen fixed to Tsrioiis 
boildiiuis act in dispersing lightning? 

T. lou know how easy it is to charse a Leyden jar : but i( 
when the machine is at work, a person bold a point of steel, or 
otiier metal near the conductor, the greater part of the fluid will 
run away by that point instead of proceeding to the jar. Hence 
it was concluded, tnat pointed rods would silently draw away the 
lightning from clouds passing over anv building. 

J. Is there not a particular method of fixing them? 

T. Yes : the metaihc rod must reach from the ground, or the 
nearest piece of water, to a foot or two above the building it is 
intended to protect ; its upper termination is generally made of 
platimim, a metal that is not liable to rust. Large masses of 
metal, such as church bells, lead roofs, &c., are connected wiili 
the conductor by sHps of metal, to prevent the flashes from tlviui; 
off to these bodies and doing mischief. The point is part^ially 
useful in ooeasionally abstracting some of the charge mm the 
doud; but the mam use of the conductor is to reoeife the 
flash itself, in case it occurs^ and conyey it away safely to tiie 
ground. 

C. What effects would be produced if higfatning should strike t 
building without acondnotor r 
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T. Thai may be best explained hj informing yon of what 
happened, many years ago, to St. Bride's church. The lightning 
first struck tiie weatherrock; thenee, deseendiug iii its pro- 
gress, it beat out a number of large stones of different heignts, 
some of which fell upon the roof of the church, and did great 
damage to it. The mischief done to the steeple was so consider- 
able, that eightv*fi¥e feet was obliged to be taken down. 

J. The weathercock was probaoiy made of iron ; wliy did not 
that act as a conductor ? 

T. Thoui^h that was made of iron, yet it was completely insu- 
lated by being fixed in stone, which had become dry by much hot 
and drjr weather. When, therefore, the liju^htning had taken 
possession of the weathercock, by endeavouring to force its way 
to another conductor, it beat down whatever stood in its way. 

C. The power of lightning must be very great. 

T. It is irresistible in its effects ; the following cxpcrauent will 
illustrate what I have been saying : 

Ex. 1. A is aboard representing the gable end 
of a honse : it is fixed on another board b; ad 
ediB^k sqnare hole, to which a piece of wood is 
fitted ; a a represents a wire fixed diaeonall j on 
the wood abed; sb, terminated bj tne knob x. 
represents a weathercock, and the wire ezis fixed 
to the board a. 

It is evident that, in the state in which it is 
drawn in the figure, there is an interruption in 
the conducting-rod ; accordingly, if the chain m 
is connected with the outside of a Leyden phial, and then tint 
phial is discharged through r, by bringing one part of the dis- 
charging-rod to the knotj of the Leyden phial, and the otlier to 
within an inch or two of j:, the piece of wood abed will be 
thrown out with violence. 

./. Are we to untlerstand by this experim3nt, that if the wire 
X b had been continued to the chain, the electric lluid would have 
run through it without disturbing the loose board ? 

T. Ex. 2. Just so; for if the piece of wood be taken ont, and 
the j^art a be pnt to the place, o d will come to 0, and the con- 
dnctmg-rodwiU be complete, and conthined from x through d 0 to 
ir, and now the phial may be discharged as often as you please, 
but the wood wul remain in its place, becanse the electric fluid 
mns through the wire to and intakes its way by the chain to the 
outside of the phial. 

C. Then, if .r be supposed the weathercock of the church, the 
lightning having overcharged this, by its endeavours to reach 
another conductor, as ir, forced away tlie stone or stones repre- 
sented by a 6 c 
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T. That is what 1 mrant to convev to vour minds bv the first 
cxprrinicnt ; and tlie {-ccond shows verv clearly, that H an iron 
roti had frone from the weathercock to tlie groiuid without inter- 
rupt i(;n, it would have conducted away the dectricitj silentlj^ 
aiid w ithout doinj; any injur) to the church. 

How was it that ail the stones were not beaten down ? 

T. Becaiue, in its passage downwards, it met with many otlier 
oooteston* Iwillmd part of what Pr. Watm aaji ontlds 
fact, who emuned it Tery attentirdj : 

"The Ik^tning/' savs he, "first took a weothereoek, wfaiiA 
was filed m the t<^ ot the steqple, and was eoadncted witboat 
iiynriog the metal or anjihtng else as low as where the lav^e mm 
bar* (H* spindle, which svpported it, terminated: there the metallic 
communication oeasinff, part of the lightning cxpk>ded, cracked, 
and shattered the obeusk which terminated the spire of the steeply 
in its whole diameter, and threw ofl*, at that place, seTeral large 
pieres of Portland stone. Here it likewise removed a stone from 
its place, but not far enough to be thrown down. From thenct' 
the lightning seemed to have rushed upon two horizontal iron bars, 
which were placed within the building across each other. At the 
end of one of these iron bars it exploded again, and threw off a 
considerable ouantity of stone. Almost all the damage was done 
where the ends of the iron hars had been inserted into the stone, 
or placed under it ; and, in seme places, its passage might Ic 
tnced from one iron bar to another. 

The thiindtr holdn hii> bUrk ttrinrBdoa* thrOBv; 

Prom cloud to cloud the ifndiiiir hUdafpi { 

TUl, ill thf fuHnim cli-mfntn) wnr 

UUMlvrH, tbr wljole prrc{pit«tr4 MM> 

Unbroken fl«odt aud solid tvntnU powr. THfimoil. 

Electricity manifests itself more frequently without storms than 
with them« it ia produced oftener by aiy than by rainy clouds : it 
is more freqnently positive ihan negative. The atmospliere 
exhibits signs of electrieity at all times, by night and by day, of 
which I shall present yon Bemeinatanees in our next conTetaatioB. 



CONTEBSATION XIV. 

Oh Atmoapkerie Mwincily^Of the Aurora BoreaU»^0/ Water- 

jpoffkf and Wkirlwimdi. 

C* Does the air always contain electricity P 
T, Yea : and this electridtr ia in aconatimt itate of flnctoatioD; 
■ometimea it ia of one character, sometimes of the other ; nowj it 

is very feeble, and now ia very violent. 

</. Is the electneai atate of the atmosphere the aame at aU 
heighteP 
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No : if you take a gold electroscope terminated with a ball 
instead of a point, and having first touched it^ so that it shall be 
free of electricify, and now present it to the open tikj, all will he \ 

still. But if YOU now stand with it on a chair, or cany it a few 

steps up a ladder, you will observe the gold leaves diverge; if you 
now come down with it again the gold leaves fall back ; but, if 
you descend below your original level, they again open. The 
neutral point is in all cases the place where you be^Ein the ex- 
periment. 

C. I suppose this is a case of induction, not a case of charge ? 

T. Exactly so ; and you will find that the divergence, or going 
upward, was with positive electricity i and that on going down- 
mrd was with negaiwe, 

y. CSudies, nm and Isteh my large stidc of sealing-wax ; we 
inU soon find iUs out. Tluuak you ; now, get the steps and i^aoe 
them om the kwn, aiidthenTOuphalf wa^^witiitheeiectroineter, 
and see tiiat the leaves sore solL Tha^s right : now go up to the 
top $ good, the leaves diver^ ; keep still, nntil I have nibbed the 
wax on my eoat-sleeve, which, of course, charges it negatlTely. 
Take it from me, and hold it near the ball ; what happens ? 

C, The leaves close again ; and, tlieE^ore» they miult have been 
separated hj positive electricity ; on removing the wax, they open 
again. I will now come down to my former position, when they 
collapse, and on eoming down quite to the ground, they open 
again. 

/. And now, when I bring the wax near, they open more 
widely, showing that they were under the influence of negative 
electricity. 

T. You may vary this experiment ; which, while T think of it, 
1 ought to tell you is due to a rrencli lover of science, M. 
Peltier. Go half way up the steps, as before, and see that the 
leaires aie dosed : now, mount to the top. Of course, they open ; 
tondi them, and thqr ^ dose ; and if yon now oome down to 
your orignud position, they will open, jnst as th^ did in tiie former 
experiment, when yon descended bdciwyonr oi^inal position. AH 
these eflfecto are dne to the podtire dectricity of space. 

C. Wliat do yon mean by the podtive electrici^ of space ? 

T, M. Pdtier tanght that the earth is in the condition of a 
knrge body surcharged with negative eleetridty, and that spaee 
was Im neaative thin the earth, and therefore podtive by compa- 
rison. All the vapours that arise from the earth partake of the 
same negative nature as the earth whence they proceed ; and by 
the various actions and reactions of these, he traced a host of 
changes in electrical tendon, &C., but these are too complex for 
us to enter into now. 



Digitized by Google 



390 



ELECTRICITY 



C, But the experiment you just gare uSj did not enable ns to 
eoUeet any deetricitv ; for the diTergence we obtained was only a 
ease of induction, wnioh eeased as soon as the inducing cause was 
removed. Are there no means of collecting small quantities of 

electricity from the atmosj)]iere ? 

T, Oil, yes, scvenil. It the electrometer, in the above expcn- 
ment, liad been furnished with a point, instead of a ball, the leaves 
would have diverged, as before, on ascending with it ; but tbej 
would not collapse on descending, for the point w ould have per- 
mitted a charge to pass in, and the instnment when brought to 
its original level would have been charged. 

/. Is this the mode employed at electrical observatories ? 

T. No : at Kew there is a very famous apparatus, under the 
direction of Mr. Ronalds. A brass rod rises from a glass leg 
placed on a table, and kept carefully dry by means of a lamp con- 
stantly burning. A lighted lanij) is hoisted to the top of the rod, 
the llame of which is an excellent collector of electricity ; and the 
rod conducts what is collected to proper instnunents placed on 
the taUe beneatL Mr. Weekes, of Sandwich, and Mr. Crosse, 
of Broomfieldy have long lengths of wire suspended in the air, by 
means of which very lar^e quantities |]of eleotricity are eoUet^edL 
In all these oases, lightning conductors are attached, which come 
into operation in case of accident.' 

/. ^ince lofty objects are exposed to the effects of lightnings 
or the electric fluid, do not the tall masts of ships ran consider- 
able risk of being struck by it ? 

T. Certainly 2 we have many instances recorded of the mischief 
done to ships ; one which is related in the * Philosophical Trans- 
actions it happened on board the Montague, on t)ie 4th of No- 
vember, 1748, m latitude 4-2'^ 4S', and 9^ 3 west longitude, about 
noon. One of the quarter-masters desu-ed the master of the vessel 
to look to tlic winclward, when he observed a large ball of blue 
fire rolling apparently on the surface of tlie water, at the distance 
of three miles from them. It rose almost perpendicular, when it 
was witliin forty or fifty yards from the main-chains of the ship, 
it then went off with an explosion, as if a hundred cannons had been 
fired at one time, and left so strong a smell of sulphur, that the 
ship seemed to contain nothinff After the noise had sub- 
sided, the main topmast was found shattered to pieces^ and tiw 
mast itself was rent quite down to the keel lire men were 
knocked down, and one of tiiem greatly burnt by the explosion. 

C. Bid it rust seem to be a very hirge ball to hsTe produced 
such effects P 

Ts Yes; the person who noticed it said it was as big as a mitt- 
stone. 
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€, Are no means adopted for protecting ships ? 

T. Yes : the plan adopted by Her Majesty's govenimeut, wliich 
is decidedly the best plan, was proposed oy Mr. Snow Harris. 
Wide and thick slips of sheet copper are let into tlie wood of the 
masts, and other snnilar parts of the ship, and are kept in sound 
metallic connexion as far as the copper sheathing of the vessel ; 
they are connected with tins by bolts, passing through the bottom 
of the sliip. The best proof of the security of this plan is, that 
no shipthus lilted up has been damaged by lightning. 
What is the aurora bofwUtf 

T. The tfwrvftf ^mmlU is another electrical j^oiomenon : this 
IS admitted without any hesitation, because electridans can readily 
imitate the apnearanoe with tiieir experiments. 

It most De, I should think, on a very small scale. 

T, True; there is a glass tube about thirty inches long, and 
the diameter of it is about two inches : it is nearly exhausted of 
. air, and capped on both ends with brass. I now connect these ends, 
*• 4)v means m a chain, with the positiye and negative part of a ma- 
chine ; and in a darkened room von will sec, when the machine is 
worked, all the appearances of the northern lights in the tube. 

C. Why is it necessary nearly to exliaust the tube ? 

T. Because the air, in its natural state, is a very bad conductor 
of the electric fluid ; but when it is, perhaps, rendered some hun- 
dred times rarer tlian it usually is, the electric fluid darts from one 
cap to the other with the greatest ease. 

/. But we see the aurora boreidis in the common air. 

T. We do so ; it is, however, in the higher regions of the at- 
mosphere, where the air is much rarer than it is near the surface 
of the earth. The experiment which you liave iust seen accounts 
for the darting and undulating motion which tsikes nlace between 
the opposite j^urts of the heavens. The aurora borealis is the most 
b«iutiral ana brilliant in countries in the high northern latitude 
as in Gfeenland and Iceland. ^ , 

C. I remember the lines on this subject : 

Bjr dnneinr meteors, then, that ceaaclrM ibnln 
A vsriuc blaM refr«etc4 o'er tkt haav'ns. 
A«4I vivfa mooBt, nad ttam that kc«Ber pUf 

With doubl« lustre from the {rlosay wastr, 
E'en In the dppth of polnr nipht thVr find 
A wondiDiiH liay ; fiion^rh tu Itprht the rhnM* 
Orifutde thrir during' steps to Kiulaud fairs. 

T. The aurora borealis, that was seen in this country on the 23d 
of October, in the year 180 i, is desers-inp: of notice. At seven in 
the eveninsr a luminous arch was seen from the centre of London 
extending from one point of the horizon, about ssw to anoth(*r 
point NNW, and passmg the middle of the constellation of the 
Great Bear^ which it, in a great measure, obscured. It appeared 
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to consist of sliining vapour, and to roll from the south to the 
north. In about half an hour its course was changed ; it then 
became yertical, and about nine o'clock it extendea across the 
hmiiiB from in to ; at istomlf the ooirti^^ 
arch was broken* and there then darted from its sooth-west 
quarters, towards the lenith, Strang flashes and streaks of bririit 
. red, siniyar to what i^pears in the atmosphere during a great nre 
in «nj part of the metropolis. Eor sereral hoars the atmosphere 
was as light in the south-west as if the sun had set but half an 
hour ; and the light in the north resembled the strrauMtwilight 
which marks that part of the horison at Midsnnmier. Thomflon, 
% speaking of the aorocaboteiJiSy and other meteors^ says: 

Silent from the north 
A blaite of meteora •boota -, en«wrpppinfr firnt 
The lower akiea, they nil tu our- ci m i rgc 
High to the erowa of hraveii, and nil at oaee 
Beuiptini^ <|uiek, at quieklf rvnscrnd, 
Aad mtx mmd thirartf asiltti^iah aad rnMiTi 
All atlwr emvalBV la a naaa af Iffht. 

/. I think I have heard thai icater-smuts, which are sometimes 
seen at se«a, arise from the power of dectricitj, and, not from the 
force of the ^ind. 

T. The wind will not account for every appearance comiected 
with them. Water-spouts are often seen in calm weather, when 
the sea seems to boil, and send up a smoke under them, rising in 
a sort el hUl towards the spout. A rumbling noise is <^teai heard 
at the time of their appcaianee, which happens generallj in those 
months that m pecnnarly subject to thunder-storms, and thej 
are oommonW aocompanied or foUowed by lightning. When these 
approach a snip, the sailors presract and orandish their swords to 
disperse them, whidi seems to &Tonr the conelusionthat th^ are 
electrical. 

/. Do the swords act as conductors ? 

T, They may, certainly ; and it is known that» by these pointed 

instruments, they have been effectually dispersed. 

The analo^:^y between the phenomena of water-spouts and elec- 
tricity may be made visible by hauling a drop of water to a wire 
communicating with tlie prime conductor, and placing a vessel of 
water under it. In these circumstances, the drop assumes all the 
various appearances of a water-spout^ in its rise, form, and mode 
of disappearing. 

Water-spouts at sea are undoubtedly very like whirlwinds and 
hurricanes by land. These sometimes tear up trees, throw down 
buildings, make caverns ; and, in all the cases, they scattter the 
earth, Gncks, stones, timber, &c. to a great distenoe in every di- 
rection. Dr. Franklin mentions a remarkaUe appearance wJuoh 
oooaired to Mr. Wilkie, an eleaferiaiaa. On the 30th of Jn]j» 1758, 
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at three o'clock in tlie afternoon, he observed a great quantity of 
dust risinc: from the g^round, and covering a field and part of the 
town in which he then was. There was no wind, and the dust 
moved gently towards the east, where there ap{)eared a great 
black wad* which electrified his apparatus positively to a veiy 
lugh degree. This dondweiil towanb the wea^ 1^ dust Mowed 
it, and continiied to rise higher and higher, till it composed a thick 
piUar^ in ib» iam (tf aangar-loaf^ and at loigth it seemed to be ui 
contact with the cloud. At some distance from this» there came 
another ^rcat doad, with a long stream of smaller ones, which 
electrified his apparatus negatively^ and when they came near the 
positive cloud a flash of li^tning was seen to dart through the 
cloud of dust ; upon which the negative clouds spread very nrooht 
and dissolved in rain, wliich presently cleared the atmosphsre. 

C. Is rain, then, an electrical phenomenon ? 

T. The most enlightened and nest informed electricians reckon 
rain, haii» and snow among the effects produced by the electric 
fluid. 

/. Do the negative and positive clouds act in the same manner 
as the outside and inside coatings of a charged Leyden jar ? 

2\ Thunder-clouds frequently do nothing more than, conduct or 
convey the electric matter from one place to another. 

C, Then they may be compared to the discharging-rod. 

The following is not an uncommon appearance : a dark cloud 
is observed to attract otiiers to it» and^ when grown to a consider^ 
aUe sise, its lower snrfim swdls in partiealar narts towards the 
ear^. During the time that the dond is thus loming, flashes of 
lightninff dart nom one part of it to the other, and often iUnminate 
the whole mass ; and small clouds are observed moving rapidly 
beneath it. When the cloud has acquired a sufficient extent the 
lightning strikes the earth in two opposite places. 

/. I wonder the discharge does not shake the earth, as the 
charge of a jar does anything through which it passes. 

T. Every discharge of clouds through the earth may do this, 
though it be imperceptible to us. 



con\t:rsation xv. 

MMeal Meeiricify, 

T. If you stand on the stool with glass legs, and hold the chain 
from the conductor while I work the machine a few minutes, your 
pulse will be increased ; that is, it will beat more frequently than 
it did before. From this circumstance physicians have applied 
dectrieily to the cure of many disorders, m some of which their 
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endeavours have been uiumdlmg^ in others the success has beeu 
very complete. 

C. Did they do notliing more than this ? 

T. Yes ; in' some eases tliey took sparks from their patients, iu 
otherj tli(>y f^ave them shocks. 

/. This would be uo pleasant method of cure, if the shocks were 
strong. 

T. You know hj means of Lane's electrometer, described in 
our seventh Conversation, the Aodk may be given as slightly as 
yon please. 

C. Bnt how axe shocks oonveyed through any part of the body ? 

T. There are iPfM^^w^ and apparatus made expressly for medical 
purposes ; but every end may oe answered bv the instrument just 
referred to. Suppose the electrometer to be fixed to a Leydeu 
phial, and the knob at ▲ to touch the conductor, and the knob at 
B to be as £ur off as you mean the shocks to be weak or strong, a 
chain or wire of sullicient length is to be fixed t o the ring c of the 
electrometer, and another wire or chain to the outside coating : 
the otlier ends of these two wires are to be fastened to the two 
knobs of the discharging-rod. 

/. What next is to be done, if I wish to electrify my knee, for 
instance ? 

T. All you have to do is to bring the balls of the discharging- 
rod close to your knee, one on the oue side, and the other on the 

opposite side. i_ j x 

C. And, at every discharge of the Leydeu jar, the superabundant 
electricitv from withinsidc will pass from the knab at ▲ to the knob 
B, and Will pass through the wire and the knee, in its way to the 
outside <tf toe jar, to restore to both sides an eqnilibdnm. 

/. But if it happen that apart of a bodv, as an arm, is to be 
electrified, how is it to be done, because in that case I cannot nae 
both mj hands in conducting the wires? . , , 11 u 

T, Then you may seek the assistance of a friend, who will, by 
means of two instruments, called difwion, be able to conduct the 
fluid to any part of the body whatever. 

C. YVhat are directors ? 

T. A director consists of a knobbed brass wiix', which, by means 
of a brass cap, is cemented to a glass handle. So the operator, 
liolding these (iircetors by the extremities of the glass handle, 
brings the balls, to which the wires or chains are attached, into 
contact with the extremities of that part of the body of the patient 
through which the shock is to be sent. If I feel rheumatic pams 
between my elbow and wrist, and a person hold one director at 
the elbow and another about the wrist, the shock will pass through, 
aud probably will be found useful iu removing the complaint* 
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J. Is it neoeasary to stand on the glass-footed stool to have this 

operation pcrfonnea ? 

T. By no means : when shocks are administered, ilie person 
who receives them may stand as he pleases, either on the stool, or 
on the ground; the electric fluid, taking the nearest passage, will 
always nnd the other knob of the other director^ which leads to 
the outside of the jar. 

C. Is it necessary to make the body bare P 

T. Kot in the ease of shocks, unless the coverings be very thick : 
but when, sparks are to be taken, then the person from whom 
th^ are drown must be insulated, and the clothes should be 
stripped off the part affected. 

/. For what oisorders are the shocks and sparks cbieflj used? 

T, Shocks have been fonnd nsefol in panlytic disorders ; in 
contractions of the nerves ; in sprains, and in many other oases ; 
but great attention is uccessaiy in regulating the force of the 
shock, becanse, instead of advantage* nuachief may occor if it be 
too violent. 

C, Is there less dan^r with sparks P 

T. Yes ; for unless it be in very tender parts, as the eye, there 
is no great risk in taking sparks ; and they have proved very 
effectnal in removing many complaints. 

The celebrated Mr. Ferguson was seized, at Bristol, witli a vio- 
lent sore throat, so as to prevent him from swallowing anything ; 
he caused sparks to be taken from the part affected, and in the 
course of an hour he could eat and drink without pain. 

This has been sometimes fonnd an excellent remedy in cases of 
deafness, earache, toothache, swellings inside the mouth, &c. 

J, Would not strong sparks injure the ear ? 

T, The^ mi^ht : ana therefore the electric flnid is nsnally drawQ 
with a pomted piece of wood, to whidi it comes in a stream, or 
when v^sAa are taken, a very small brass ball is used, because in 
pronortiou to the size of the oall is the size of the spark. 

^The chief difhculty in administering electricity, in a medical 
view, consists in distm^uisjiing the proper strengtn of the electric 

Sower that is required for a given disorder. Some persons, in- 
eed, regarding it as a capriciona agent in medical sotenoe, abanr 
don it altogether. 

Electricity, obtained by some of the methods to be described 
hereafter, is now frequently employed in oases of this kind. 
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CONVERSATION X\^. 

0/ jMtmal Sleeiricify ; of the Torpedo; of the Gyamoim Eteeiriem; 

trnd ^ the Silurui Eleeirieiu. 

7. Time are three Unb of fish wfaieli hm been discovered, 
tbat aie possessed of the siiiffidar property of giving sliocJcs Yetj 
similar to those experienoed means of the I^yden jar. 

C, I should like modi to see Uiem : are they easily obtained? 

T. No, they are not : they are esUed the tcrpmh, the gymnoim 
didncm^ and the siluruM eUkriem, 

J. Are they all of the same genus ? 

No; tM torpedo is a flat fish, seldom twenty inoliea long, 
and is common in various part« of the sea coast of Europe. The 
electric on?ans of tliis fish are placed on each side of the gills, 
wliere they till np the whole thickness of the aiiimal, frcmi the 
lower to the upp^ surface, and are covered by the common akin 
of the bodv. 

C. Can you lay hold of the fish hj auy other part of the body 
with impunity. 

T. Not altogether so ; for if it be touched with one hand, it 
generally communieiites a \evy slight shock; but if it be touched 
with both hands at the same time, one being applied to the under, 
and the other to the upper surface the ooay, a shoek will be 
reoeived similar to that vhidi is occaskmed by the Lqrden jar. 

/. Will not the shook be felt if bo^ handa be pnt on one of the 
stsrtiiical organs si the same time. 

T. No; aiid this shows that tiie npper snd lower s nrflttes <rf tlM 
electric orgsns are in oppoeito states of electricity, soswermg to 
the positive and negative sides of a Leyden phial. 

C. Are the same substances conductors of the electric power of 
the torpedo, by which artificial electricity is conducted ? 

T. \es, they are : and if the fish, instead of being touched by 
the hands, be touched by conductinir substances, as metals, the 
shock will be communicated through them. The circuit may also 
be formed by several persons joining hands, and the sliock will be 
felt by them all at the same time. But the shock will not pass 
where there is the smallest interruption ; it will not even be con- 
ducted through a chain. 

C. Is it knowii how the power is accumulated ? 

T. It seems to depend on the will of the animal, for each effort 
is accompaiued with a depression of its eyes, and it probably 
makes nse of it as a means of self-defence. 

J, Is this the case also with the other eleetriesl fishes? 

T. l^nb gjfwmoint possesses all the electric properties of the tor- 
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pedo, but in a veiy superior degree. This fish has been called the 
electrical eel, on account of its resemblance to the ooDunoii eeL 

It is found in the large rivers of South America. 

C, Are tlicse iislies able to injure others by this power ? 

T. If small lishes are put into the water in wliicli the prymnotus 
is kept, it will first stun, or })crhaps kill them, and if it be hungry, 
it \vill then devour them. But lishes stumied by the gymnotus 
may be recovered, by being speedily removed into another vessel 
of water. 

Ex. The extremities of two wires were dipped into the water 
isi the Tessel in which the animal was kept ; tnej were then bent, 
egtoded a mat waj, and tenmnated in two lepasate glaasee full 
of water. Theee wues, being supported b^r nonnxHiduotore, aft a 
OQDsideraUe distanoe from eaea o«unr, tlie drooit was incomplete: 
but if a person put tbe fingen of both hands into the ^^ses in 
which the wires terminated, then the eiieiuyt was complete. While 
the circuit was iaeomplete the fish never went near the extremi* 
ties of the wiiers, as if desirous of giving the ahoek; but the mo- 
ment the circuit was completed, either by a person, or any other 
conductor, the gymnotus unmediately went toward the wires, and 
gave the shock, though the oompietioB of the circuit was o«it of 
his sight. 

How do they catch these kinds of fish; the man would^ pro- 
bably, let them go on receiving the shock ? 

T. In this way the property was, perhaps, first discovered. The 
gymnotus, tui well as tlie others, may be touched, M'ithout any risk 
of the shock, with wax or with glass ; but if it be touched, with 
the naked finger^ or witli a metal, or a gold ring, the shock is fd^t 
npon the arm. 

C. Doea the mlwmi dedfieui prodnee the aame effects aa the 
othenP 

T, This fish is found m some riyer in Afiiea» and it is known to 
possess tlie property of giving the ahoek* but no other peitioiilaxa 

nave been detailed respecting it. 

With regud to the torpedo^ its power of giving the benumbing 
sensation was known to the ancients, and from this it probably 
took its name. In Firmin's * Natural History of Surinam' is 
some account of the trmhling eel, which Dr. Priestley conjeetuics 
to be ditfercut from the gymnotus; it lives in marshy places, from 
whence it cannot be taken, except when it is intoxicated. It can- 
not be touched with the hand, or with a stick, without giving a 
terrible shock. If trod upon with shoes, the legs and thighs are 
affected in a similar manner. 

The enterprising scientific traveller Humboldt enables us to 
give a very satisfactory answer to James's inquiry as to the mode 



Digitized by Google 



398 



ELECTRICITY. 



of catching these electric fishes. When he was in South Amcricft 
he was exceedingly anxious to obtain some of these animals for 
his experiments. For this express purpose he stopped some days, 
on hia ioiirncy across the Uaiios to the river Ainire^ at the small 
town of CalaboBi^ in the neighboaihood of whicn he was informed 
that they were very nomeroos. He was conducted to the Cano 
de Bera, the principal spot freqnented by the aymnotL It is a 
small piece of shallow water, stagnant and mnddy, but of the heat 
of 79 degrees, and surrounded by a rich vegetation. Here he 
soon witnessed a spectacle of the most novel and extraordinary 
kind. About thirty horses and mules were quickly collected from 
the adjacent savannahs, where they run h;t!f wilci, and are only 
valued at a few shillings each. These the Indians liem in r)n all 
sides, and drive into the marsh; then pressing to the edge of 
the water, or cliinbincr along the extended branches of the trees, 
armed with long bamboos or harpoons, they, with loud cries, push 
the animals forward, and prevent their retreat. The gymnoti. 
roused from their slumbers oy this noise and tumult, mount near 
the surface, and, swimming like so many livid water serpents, 
briskly pursue the intruders^ and, gliding under their bellies, dis- 
isharge through them the most violent anid reputed shoda. The 
horsesy oonvnlsed and terrified^ their msnes erect, and their eyes 
starbg with pain and anguish, make unavailing struggles to escape. 
In less than five minutes, two of them sunk under tne water, uid 
were drowned. Victory seemed to declare for the electric eels : 
but their activity now began to relax. Fatigued by snch expense 
of nervous energy, they shot thdr electric discharges with less 
frequency and effect. The surviving horses gradually recovered 
from the shocks, and became more composed and vigorous. In a 
quarter of an hour the gymnoti finally retired from the contest, 
and in such a state of languor and complete exhaustion, that they 
were easily dragged on shore by the help of small harpcjons fast- 
ened to cords. This very singular method of catching the elec- 
tric eel is, in allusion to the mode of catching fish by means of 
the infusion of narcotic plants, termed embarbascar con caballo^^ or 
poisoning with horsei ! 



CONVERSATION XVL. 

General Summary of Electricity ^ with Eicper intents, 

T. You now understand what electridij is P 
C. Yes; it is a something which seems to pervade all substances, 
and» when undisturbed, it remains in a state of eqoilibrium. 
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And that certain wxtiaxm, which every bocty is supposed to 
contain, is called its naRiral ahare. 

T. When a body is possessed of more or retains less than its 
natural share, it is said to he ekar^ed, or electrified. 

C. If it possess more than its natural share^ it is said to be pon- 
Hvely electrified ; but if it contain less than its natural shaie» it is 
said to be negatively electrified. 

T. Does it not sometimes happen that the same substance is 
both positively and uecratively olectrificd at the same time ? 

/. Yes : the Leydcu jar is a strikiu<^ instance of this, in which, 
if the inside contain more than its natural sharCj the outside will 
contain less than its natural quantity. 

T. Wliat is the distinction between conductors and non-conduc- 
tors of electricity? 

C. The electric fluid passes freely through the former^ but the 
latter oppose its passage. 

T. You know that electricity is excited in the greatest quanti- 
ties by the frbtion of condnctmg and non-condactmg substances 
against each other. 

Ex. Bub two pieces of seaHng-wax, orHwo pieces of glass, to- 
gether, and only a very small portion of electricity can be obtained: 
therefore the rubber of a mufthinft should be a conducting sub- 
stance, and not insulated. 

Every electrical machine, with an insulated rubber, will act in 
three different ways : tiie mbber will produce negative electiicity; 
the conductor will give OMi positive electricity; and it will commu- 
nicate both powers at once to a person or substance placed be- 
tween two directors coimected with them. 

/. How does the rubber produce negative electricity? 

T. If you stand on a stool with glass legs, or upon any other 
non-conducting substance, and lay hold of the rubber, or a chain 
that comnmnicates with it, the working the machine will take away 
from you a quantity of your natural electricity : therefore you will 
be negatively electrified. 

(7. WiUthis appear by the nature of the electric fluids if I hold 
in my hand a steel nom^ as a needle P 

T. If you, standing on a non-conductmj|p substance, are con- 
nected with the rubber, and your brother, m a similar situation, 
connected with the conductor, hold points in your hands, and 1, 
while I stand on the ground, first present a brass ball, or other 
substance, to the needle in your hand, and then to that in his hand, 
the appearance of the fiuid will be different in both cases : to the 
needle in your hand it will appear like a star, but to that in 
your brother's it will be rather in the form of a brusL What will 
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happen if you bring two bodkB aear to one another that are both 

electrified r 

/. If they are both positively or both ne^tivelj electrified, they 
will repel each other ; but if one is negative and the other positive 
they will attract one auothcr till they touch, aud the e(^uilibrium is 
agaia restored. 

r. If a hodj ooatammff only its naiiinl share of deotricity, be 
bcoaglit nesr & aaother uiat is deotrified, what inH be the ooase- 
qnenoe? 

C. A quantity of electiioity will force itsdf thiough the air in 
the form of a spaik. 

T. When two bodies approach each other, one electrified posi- 
tively and the other negatively, the snperabundant electncity 
rushes violently from one to the other to restore the equilibrium. 
What will happen your body, «r any part of it, form part of the 
circuit ? 

/. An electric shock will be produced, and if, instead of one 
person alone, many join hands and form part of the circuit, they 
will all receive a shock at one and the same instant. 

If I throw a larger quantity of electricity than its natural 
share on one side of a piece of glass, what will happen to the 
other side ? 

C. The other side will become negatively electrified : that is, it 
will have about as much less than its natural share as the other 
has more than its natural share. 

r. Does deotriciiy oommonioated to i^baa spread over the 
whole surface? 

/. No : glass being an ezoellent non-conductor, the deetnc fluid 
will be confined to the part on which it is thrown ; and for that 
' reason, and in order to ap]>ly it to the whole surfae^ the g^aas is 
covered with tmfoil, whicn is called a eoalM§, 

T. And if a conducting comuliunication be made between both 
aides of the glass, what takes place then ? 

C. A discharge ; and this happens whether the glass be flat or 
in any other form. 

T. What do you call a cylindrical glass vessel thus coated f<ur 
electrical purjjoses ? 

/. A Ley den jar ; and when the insides, and also the outsides, 
of several of thc£>c jars are connected, it is called an electrical 
battery. 

T, Electricity in this form is capable of producing the most 
powerful effects, such as melting metals, firing spirits, and other 
inflammab le soostanoes. What effect have metallio pouita on 
electnoi^f 
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C. They dbcharge it silently, and hence their great mtilify m 
defending buikliiigs from the diie effects of ligktniiig. Fray, what 

is thunder ? 

T. As lightning appears to be the rapid motion of vast masses 
of electric matter, so thunder is the noise produced by the motion . 
of lightning ; and when electricity passes tiirough the higher parts 
of the atmosphere, where the air is very much rahfied^ it consti- 
tutes the aurora borealis. 

Ex. If two sharp-pointed wires be bent with the four ends at 
right angles, but pointing different ways, and 
they be made to turn upon a wire x fixed on < 
the conductor, the moment it is electrified a 
flame will be seen at the points a bed; the 
wire will begin to turn round in the directicm 
opposite to tiliat to which the points are tomed, 
and the motum will become very rapid. nr* si* 

If the figoies of hones eat in paper be fBstened upon these 
wires, the horses will seem to pursue one aDoiher, and this is called 
the d^Bctrical horse-race. Of course, upon this piinoq>le many othear 
amusing and very beautiful experiments may oe made; and upon 
the same principle several electrical orrenes have been oontriTed, 
showing the motions of the earth and mooD» and the earth and 
planets round the sun. 

/. How do you account for this ? 

T. Fix a sliarp-pointed wire into the end of the large conductor, 
and hold your hand near it ; no sparks will ensue ; but a cold blast 
will come from the point, wliieh, when applied to light mills, 
wheels, &c., will turn them with great velocity. 
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CONVERSATION L 

Of Oalv amm ' H i Ongin — ExperimenU — 0/ ike Zkeamponiiom 

of Water. 

T, It haft been obsenred as kmff as I can remember, and pro- 
bably before I was bom, that pomr, ifhen taken from a pewter 
pot, had a smterbr ibvonr Hum when drank oat of glass or dmuL 
Yes ; I ha?e often heard people say so : bat what is the 

reason of it ? 

T. Admitting the hid, which is, I bclieTe, general^ aDowed by 
those who an moch aooastomed to diink that beverage, it is ex- 
plained upon principles which are now weQ understood. 

/. And are these prineiples electrical ? 

T. Yes ; but before T speak of them I should tell you that the 
branch of scicnoo to which they belong was termed Galvani.sni, 
from J)r. Galvaui, who first reported to the philosophical world 
the exj)eriments on which the science is founded ; but it is now 
more generally termed Voltaic Electricity, because the cheniieal 
features of the science, on which raost of the illustrations are 
based, is due to the original discoveries of Volta. 

a What then did Galvtiiii do ? 

T. Galvani, a professor of anatomy at Bologna, was making 
some electrical experiments^ and on the table where the machine 
stood were some fro^ skimied : by an accident, one d his asdst- 
ants tonched the mam nenre of a frog, at the same moment that he 
took a considerable spark from the conductor of the electrical 
machine, and the muscles of the frog were thrown into strong 
conrnlsions. These led the Professor to a nimiber of experiments, 
but as they cannot be repeated without mnch croelty to living 
animals, I shall not enter nito a detail of them. 

/. Were not the frogs dead which first led to the discovery ? 

T. Yes, they were ; but the Professor afterwards made manv 
experiments upon living ones, whence he found that the convul- 
sions, or, as they are usually called, the contractions produced on 
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the frog may be excited merely by making a communication' be- 
tween me nerves and the muscles with substances that are con- 
dueton^ of electiicity. 

To iUnstiate what I mean, yoa may take a piece of zmo plate 
and lay upon it a half-crown; place a leech or a slug upon the nalf- 
crown, and mark what foUows. 

C, I sec notliin^ remarkable ; the leech moves as might be ex- 
pected. Oh ! look there ; what made him start ? There he is 
again ! why it seems that the moment he touches the mo he is 
convulsed. 

T. He is so, providing he is at the same time touching the 
silver; if he were on the zinc alone nothing would happen. The 
fact is, that when two metals and a liquid arc in contact, so as to 
form a circle, electricity is generated : in this case, the moisture 
on the surface of the animal serves as the liquid. One metal and 
two liquids properly arranged produce analogous effects ; and thus, 
when the moisture of the mouth, the porter, and the pewter pot 
were associated, a pungent taste was produced on tiie tongue, 
which improved the flavour of the liqiud. You may have noticed, 
doubtless, that a silver spoon dipped in an egg is not discoloured ; 
but one that has been used for eating an egg is very much so. 
The reason of this is that in the latter case, l£e meta( the mois- 
ture of the mouth, [and the egg form a voltaio ciide, and produce 
a current of electiicity attended by a chemical decomposition, 
which discolours the spoon. 

I will show you an experiment on this subject. Here is a thin 
piece of zme, lay it under your tongue, and lay this half-crown ifpon 
the tongue : do you taste anything very peculiar in the metals P 

/. No ; nothmg at alL 

T. Put them in the same position again, and now bring the 
edges of the two metals into contact, while the other parts touch 
the under and upper surface of the tongue. 

/. Now they excite a very disagreeable taste, something like 

copperas. 

T. Instead of the hcdf-crown, try the experiment with a guinea, 
or with a piece of charcoal. 

C. I perceive the same kind of taste which James described ; 
and I can see that when we make the edges touch, we form a 
voltaic circle, and then taste its effects ; but wliile the edges are 
apart the circle b incomplete, and the effect ceases. 

/. All metals, as we have seen, are conducting substances ; <^ 
course, the zinc, l^e guinea, and the half'^nrawn are conductors. 

T, Yes ; and so are the tongue and the saliva : and by the de- 
composition of some small particles of the saliva, the sharp taste 
is excited. 
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C. What do yon mean by tlie decomposition of the saliva ? 

T. Vsc have, in our chemistry, shown that water is capable of 
being decomposed, that is, separated into two gases, callea hydro- 
gea and oxygen. 

/. Jm Baliva capable of being thiu separated? 

7. Cerlainl J ; Decaose a mat pnrt of it may be supposed to be 
waier ; and tbe oxygen ocoDUDmes with the metal, while the hydro- 
gen escapes, and excites the taste on the tongue. 

C. The disagreeable taste on the tonj^ cannot be disputed, but 
there is no apparent change on the zinc or the half-crown, which 
there ought to be if a new substance, as the ozygeiit has entered 
into the combination. 

T. The chan^ is, perhaps, too small to be perceived in this ex- 
periment ; but m others on a larger scale it will be very evident 
to the sight, by the oxidation of tiic metals. 

/. Here is another stnmge word. X do not know what is meant 
by oxidation. 

T, The iron bars fixed before the window were clean and almost 
bright when placed there last suuimer. 

J. But not being j)aiiited they are become quite rusty. 

T. Now, in chemical language, tlie iron is said to be oxidated 
instead of iiisty ; and the earthy substance that may be scraped 
from them used to be called the calx of iron; but it is, by modem 
diMBmistiy, denominated the (aide of iron. 

When mercuiy loses its fine briehtness, by being long exposed to 
the air, the dullness is occasionea by oxidation; that is, the same 
c^ect is produced by the air on tbe mercury as was on the iron. 
I will give you another instance. I will melt some lead in this 
ladle ; you see a scum is speedily formed. I take it away, and 
another will arise, and so perpetually, till the whole lead is thus 
transformed into an apparently different substance : this is called 
the oxide of lead. 

On the same principle we obtain the oxides of the other metals, 
and the process oy which the metals are converted into oxides is 
called oxidation. The pure metals, as silver and gold, arc not 
easily oxidated ; but lead, copper, iron, zinc, &c. readily lose their 
metallic properties, and become oxides. 



CONYERSmON H. 

Oalvame lAgU and Shoeki — FMum, 

C, We had a tasU of the gahanic fluid yestearday : b there no 
way of seeisi^itF 
T. Put this piece of sine between the Hp and the goma^ as 
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jis you can, and then lay a half-crown, or guinea, upon the tongue, 
and, when so situated, oring the mctds into contact. 

C. I thought I saw a faint flash of light. 

T. I dare say you did, it was for that purpose 1 bade you make 
the experiment. It may be done in another way ; by putting a 
piece of silver up one of the nostrils, and the zinc on the upper part 
of the tongue, and then bringing the metals in contact, the same 
efiFect will be produced. 

J. By contuming the contact of the tw^o metals, the appearance 
of light does not remain. 

T. No, it is visible only at the moment of making the contact. 
You may, if you make the experiment with great attention, put a 
small sh'p of tinfoil over the oall of one eye, and hold a teaspoon 
in your mouth, and then, upon the communication between the 
spoon and the tin, a faint light will be visible. These experiments 
are best performed in the dark. 

C. Are there no means of making experiments on a larger scale ? 

T. Yes, we have galvanic (or as they ouglit to be • 
denominated, vollaicoaiiencs, fromVolta, the inventor | 
of them) as well as electrical batteries. Here is one " ■ 
of them (Fig. 1). It consists of a number of pieces 
of silver, zinc, and flannel cloth, of equal sizes ; and 
they are thus arranged : a piece of zinc, a piece of 
silver, and a piece of cloth moistened with a solution 
of salt in water, and so on till the pile is completed. IB 
To prevent the pieces from falling, tney are supported ■BBIi 
on the sides by three rods of glass fixed into a piece »■ 
of wood, and aown these rods slides another piece of wood, whicli 
keep all the pieces in close contact. 

/. How do you make use of this instrument ? 

T. Touch the lower piece of metal with one hand, and the upper 
one with the other 

/. I felt an electric shock. 

T. And you may take as many as you please ; for, as often as 
you renew the contact, so often will you feel the shock. 

Here is a different apparatus (Eig. 2). In these three glasses 




Figr. s. 

(and I might use twenty as well as three) is a solution of salt and 
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water. Into each, except the two outer ones, is i)luiiged a small 
plate of ziuc, and another of silver. These plates are made to 
communicate with each other bj means of a tmu wire, fastened so 
that the siher ol tiie first glass is oomeeted willi {lie sine of the 
second ; the silver of the second with the one of the third* and so 
on : now, if joa dip one hand into the first glass, and the other 
into the last, the shock is felt. 
C, Will any kind of f^Jasses answer for this experiment P 
T. Yes, thcT will ; wme-glasses, or goUeis, or fiqger-^asses ; 
and so will china cups. 

. A third kind of battery (Tig. 3), which is more powerful. It 

consists of a trough of baked wood, three inches deep, and about 
as broad. In the sides of this trough are grooves opposite to each 
other, and about a qmwter of an inch asunder. Into each pair of 
these grooves is put a plate of zinc, and another of silver, and 
they are to bo cement oa in such a manner as to prevent any com- 
nmnication between the different cells. The cells are now filled 
with a solut ion of salt and water. The battery is complete ; with 
your hands make a eomnmnication between the two end cells. 
C. I felt a strong shock. 

T. Wet your hands, and join vour left with James's right, then 
put your right hand into one end cell« and let James put his left 
mto the opposite one, 

J. We i)oth felt the shock like an eleoferic shock, but not so 
severe. 

T, •Several persons may receive the shock together, by joininff 

hands, if their hands are well moistened with wsSer. ^I^strengu 
of the shock is much diminished bj passing through so lon^ a 
circait. The shock from a battery consisting of fifty or sixty pau^ 
of sine and silver, or cine and copper, may be felt as hi^h as the 
elbows. And if five or six snob batteries be imited with metal 
clamps, the combined force of the shock wonld be such that lew 
would willingly take it a second time. 

C. What are the wires for at each end of the trough ? 

T. Witli these a variety of experiments may be made upon 
combustible bodies. I will show you one with gunpowder, but I 
must have recourse to four troughs, united by clamps, or to one 
much larger than this. 

Towards the ends of the wires tire two pieces of ghiss tube : these 
are for the operator to hold by, while he directs Uie wires. Sup- 
pose now fonr or more troughs united, and the wire to be at the 
two extremities; I put some gunpowder on a piece of flat glass, 
and then holding the wires of the glass tubes, Ibring the ends A 
them to the gunpowder^ and, just before they toudi, the gunpowder 
will be inflamed. 
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Instead of gunpowder, gold and silver-leaf may be burnt in this 
way : ether, spirits of wine, and other inflammable substances, are 
easily fired by the voltaic battery ; it will consume even small 
metallic wires. 

Copper or brass-leaf, commonly called Dutch f^Ad, bums with a 
beautiiul ^reen light, silver with a pale blue light, and gold with 
a ycUowisn green light. 

/* WiUtbelMddwiyamliinijtio aei any great leng^ of time ? 

T. The action of all tineae laada of batteries la tbe atronffeat 
wben they are first filled with the flnid: and it dedines in proporaon 
aa the metabaieoiidated, or the flnid loses its power. Of course, 
after a certain time, the fluid must be changed and tiie metals 
cleaned, either with sand, or by immersing them a short time in 
dilated muriatic acid. The best finid for filling the cells is 
water mixed with one tenth of nitrous acid. Care iBnat always be 
taken to wipe quite dry the edges of the plates, to prevent a com- 
munication Detween the celb : and it will be found, tnat the energy 
of th(; battery is in proportion to the rapidify with which the zinc 
is oxidated. 



CONVERSATION lEL 
FoUaie C<mductor9 — Circlet — Tablei^BxpermeiUt, 

T. You know that conductors of the electric fluid difbr from 
each other in their conducting power. 

(7. Yes ; tilie metab aie the moat perfeet emdoctoni^ tiien char> 
ooal,'afterwaida water and other flmda. ISiis you taught nauionr 
aecond conversation on eleoiiieity. 

T, In voltaism we call the formflr 4rj^ and perfid eondnoton ; 
these are the first class : tbe latter, or aecond daes, imperfect eon- 
ducton ; and, in rendering the voltaic power sensible, the com- 
buiaiion mnat conslat of at least tiiree cOBdnctom of the different 
dasses. 

/. Bo you mean two of the first class, and one of the second ? 

T. When two of these bodies are of the first class, and one iaol 
the second, the combination is said to be of the first order. 

C. The large battery which you used yesterday was of tlie first 
order then, because there were two metals^ vias. zinc and silver, and 
one fluid. 

T. This is called a simple voltaic pair ; the two metals touched 
each other in some points, and at other points they were connected 
by the fluid, which was of a different chiss. V 

/. Will you give us an example of the second order ? 
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T. When a person drinks porter from a pewter mn^r, the 
moisture of his under lip, as I have already told you, is one con- 
ductor of the second clais, the porter is the other, aud the metal 
is the third body, or conductor of the lirsi chiss. 

The discoloration of a silver spoon, in the act of eating eggs, is 
ft foHaio operation. A spoon merdj immenied in the en mMfer- 
gpet no diacolomtkm; it is the act of eating that proSnoes the 
diange. This is a voltaic oomhmitioii of the seoond order, the 
fluid tgg and the saliTa are sabstanees of the seoond class of omk- 
doctors, and the silver of the first class. 

C. Wlueh are the most powerful voltaic combinations ? 

T. They are those of the first order, where two solids, of dif- 
ferent degrees of oxidability, are combined with a fluid capable of 
oxidating at least one of the solids. Thns gold, silver, and water, 
do not form an active voltaic combination ; but it will become 
active if a little nitric acid, or any fluid decomposable by silver, be 
mixed with the water. An active voltaic circle is formed of zinc, 
silver, and water, because the zinc is oxidated by water. But a 
little nitric acid, added to the water, renders the combination still 
more active, as the acid acts upon the silver and the zinc. 

The most powerful voltaic combinations of the second order 
are, where two conductors of the second class have difl'ercnt chemical 
actions on the conductors of the first class, at the same time that 
they act upon each other. Thus, c<M)per, silver, or lead, with a 
solution 01 an alkaline sulphuret andT diluted nitrous acid, fam a 
Tciy active Toltaic oirde. Henoe the foUowmg 



TABLES. 

1. Table of voltaic combinations of the ^nt order, composed of two 
perfect oonduotons mmL one imperfeot 



OsldaU* 



2^ 



Iron 



Tm . . » 

Lead . . 

Copper . 
SilTer • 



SabctAMM. 



f With gold, dharooal, sil- 

< ver, copper, tin, iron, 

L mercury 

J With gold, charcoal, sil- 
ver, copper, tin 



OsfimMay 



With gold, silver, char- 
coal 

With gold, silver 
With gold, silver 
'Withgbld 



Solutions of nitric add 
in water, of muriatic 
acid, and snlphunc 
^ acid, &C. 

Water holding in solu- 
tion oxygen, atmo« 
spheric air, &c. 
I Solutions of nitrate of 
\ silver and mercury, ni- 
L trie acid, acetous acid. 
Nitiioaoid. 
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II- Table of voltaic combinationA of the second order, composed of 
two impeifect ooiidactor8« and one perfect conductw. 

Perftet ImpcrfiMt Imptrftet 

Cottdaeton. Gonattctara* CoadncMn. 

Charcoal 

Solution of hydrogcnated Solution of nitrous acid, 

alkaline siilphurcts,ca- oxjrgenated muriatic 

pable of acting on the acid, &c., capable of 

first three metals, but acting on all the me- 

not on the last three. tals. 



Copper 
Silver 
Lead , 
Tin . . 
Iron . 
Zinc . 



C, Do these taUes contain the best means of obtaining voltaic 
Seotikitjfcxr pnotioal purpoeesP 

T. No: of late yean oonsidefaUe attention has been paid to 
the sabjecty and much anxiety has been evinced to obtam a really 
good and constant voltaic ccmibination; for, in all the arrange- 
ments above referred to, the power very soon fails. The late 
Professor Daniell, of King's College, devised a voltaic combina- 
tiosiy which in practice has been very much iq[yproved of : he nsed 
two metals and two liquids. The metals are anc and copper ; 
the liquids are water containing sulphuric acid, and solution of 
sulphate of copper. The zinc is immersed in the former, and the 
copper in the latter. The two liquids are separated by tubes of 
porous earthenware, by animal membrane, canvass, paper, &c., 
according to the taste or convenience of the person nsing them. 

C. What is gained by this arrangement P 

T, The solution of copper becomes decomposed by the electric 
action then going on ; ana metallic copper is deposited upon the 
copper plate, so that a clear and perfect surface of metal is main- 
tained ; and the solution of zinc that is formed is preserved separate 
£rom the copper, and does not» therefore^ interfere vritJi the results. 
. J, And IS this the most powerful combination P 

No : the most powerful is the arrangement devised hj Pro- 
fessor Grove. His metak are anc and platinum^ and his hquids, 
dilute aulphuno acid and strong nitric acid, kept apart by a cdl 
of porous earthenware. The effects produced by only 100 of these 
are powerful in the extreme. 

C. When I have seen you busy with your electrotype experi^ 
ments, I have often heard you asking for your " Smee what can 
that be ? 

T. It is a voltaic combination called after its inventor ; but he 
himself called it the chemico-mechanical battery, from its properties. 
Its metals are zinc and silver^ coated with £nely divided platinum ; 
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the li<)iiid is dilute sidpihiunc add. When ffais Wins actin^^ a 
quantity of hjdiogen gas is given off at the sihrer mate ; and in- 
stead of partially adhering to the plate, and obstracnng the action, 
as would be the case with a smootn plate, the minnte particles of 
platinum cause the gas to ascend in constant streams, and so ^ve 
place to the escape of fresh gas and the production of fresh action. 
I have myself, on lliis hint» used a similar batteiy, only instead <Mf 

atmized silver I have nsed copper^ nith fine particles of copper 
•own down upon it. 

C. But where does this gas come from ? 

T. I will show YOU an experiment, which may be made 
with the assistance of the great battery ; a b exhibits a 
glass tube filled with water, and having a cork at each end : 
A and B are two pieces of platinum wire, which are brought 
to within an inch or two of one another in the tube, and 
the other ends arc carried to the battery, viz. a to what 
is called the positive end, and b to the negative end. 

/. You have then positive and negative iu voltaic 
deotondly? 

T, Yes, and if the cinniit be intenrapted^ the iHX>oeB8 
will not go on. But if all things be as I have jnsi 
^ deseribed, you will see a constant stream of bnbUra of 
^ proceed from tlie wire B. This gas is found to be hydrogen, or 

mflammable air. 

C. How is that ascertained P 

T. By making anangements to collect them, and the gas will 
immediately inflame on the approach of a lig^t. The babbles 
which proceed from the wire a are oxyffen gas. 

/. How is tliis experiment explainea ? 

T. The water is decomposed, or divided into hydrogen and 
oxygen : the hydrogen is separated from the water by tlie wire 
connected with the negative extremity, while the oxjgen is libe- 
rated at the positive end of the batterv. 

If I connect the positive end of the loattery with the lower wire, 
and the negative with the upper, then the hydrogen proceeds 
from the upper wire, and the oxygen from the lower wire. 

/. Why aid you employ platinum wire P 

T, Becaose I wished to avail myself of a property which 
^atinmn has, of not having any great affinity for oxjgen. TJoIms 
I had done ttds, I could n^ have shown jon the two gases \ for, 
had I nsed copper, the oxTgen, instead of making its appearance^ 
would have combined with the copper, for whick it hiui a gteit 
afl&nity, and would have produced an oxide of copper. 

C. Are there no means of ooHectiiig these gases sepaiatelj P 
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T. Yes ; instead of making use of the tube, 
let the extremities of the wires^ which pro- 
ceed from the battery, be immc^rsed in water 
at tlic distance of an inch from each other ; 
tlien suspend over each a e^lass vessel, in- 
verted, and fidi of water, aud the dillcrcnt 
kinds of eas will be found in the two ^ . 

glasses. 

An arrangement of this kind properly mounted, and having the 
glass vessels duly gruduated, is termea a voltameter, because it 
measures the quantity of electricity passing through it, by the 
quantity of gas evolved. The name was given by Dr. Taraduy, 
who investigated this branch of the science very fuilv. 
■ It is kmonm that hydrogen gas reduces tiie oxides of metalai, 
that 18^ restores them to their metallic state. If, therefore, the 
tabe be filled with a sdiitkm of acetate of lead* in distilled water, 
and a commnnication be made with the battezy, no gas is perceived 
to issue fsxm the wire^ which proceeds from tiie negatioe end of 
the battery, bat in a few minutes beantifol metallic needles may 
be seen on the extremity of the wire. 

/. Is tibis tiie lead sqpanted from the fluid ? 

T. It is ; and you perceive it is in a perfect metallic state, and 
very brilliant. Let the operation proceed, and these needles will 
assume the form of fern, or some other vegetable substance. 

C. Can other metals be separated in like manner ? 

T. Yes : as for instance, if you pass the voltaic current through 
a solution of sulphate of copj)er, you release the copper ; and by 
using a battery, tne power of which is somewhat moderate, you may 
obtam the copper in a compact malleable form. And if, in addition 
to this, you use a metal mould of any object, the released copper 
takes the form of this mould, and you obtain an electrotype, 

C, And is electrotype so easy as this P 

r. Much easier; get me a nail and a little pieee of tiiin copper 
wue. Twist one end of the wire loimd the nail; warm the otner 
Old, and nraw it open the edges of the seal that I will break off 
firam the letter yon have j«st received fro: m your jristerEmma^ 
and I dare say we can manage that you shall answer tiie letter by 
to-night's post, and seal it with tiie same impreMLon that she 
employed. 

C. What ; can we do this» and in so short a time ? I shall be 
ddig^ted ; Emma will be so astonished ; she wUl fancy that, by 

some means or other, we must have obtained her seal. 

T. Moisten the surface of the seal with spirits of wine, while 
James runs down stairs to ask Mary for a little black-lefuL Polish 

• A«mta of Umi U • MliitloB of 1m4 !■ ftatlan aoM. 
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the surface with black-lead. You have now a voltaic pair ready, 
the metals being iron and black-lead. For liquids, take weak 
diluted sulphuric acid and solution of sulphate of copper. Put 
the sulphate of copper into a tumbler ; sew a card into a kind of 
bag, and wax the edges that it may not leak ; fill it with the acid 
wi^r : place the nail in it, and bend the wire, so that the seal 
may hangover the side ; place the whole in the tombler of sulphate 
(tf ocfpi^er, wlien the seal will become immersed in the solution. 
Leaye it still for six or e^t hours, when you will find a tiliick 
piece of copper has deposited on the seal; which is an accorate 
oopy of the seal. 

/ And is this the plan bjr which the many large eleotro^fpea 
are obtained ? 

T. The principle is the same, but modified according to circnm- 
stanoes. When you were last at the Museum of Economic 
Geology, you saw the lar^e casts of Alexander's triumph, which I 
prepared for that institution. They are two feet wide, by two or 
three long. This was my plan : a large strong flat wooden trough, 
containing upwards of 100 gallons of sulphate of copper, was 
prepared ; a plaster-moidd oi the object was provided with a me- 
talhc surface, and well black-leaded. This was sunk in the trough, 
face upward, and w^as connected by a wire with the negative end 
of a voltaic battery. A large sheet of copper was suspended over 
this, and was connected with the positive end of the battery ; the 
battery was kept in action for a few weeks, and the cast was thea 
broken awi^. 

/. Bnt the battery must have bad enomums power? 
^ T, Ncrt at all: it consisted of only two cells ; the metals were 
zinc^ and rough copper, each oresenting a sor&oe of about six 
square feet ; tne liquid was acia waber. 

C. I now see bow electro-plating must be done : for if some 
solution of silver were used mstead of copper, the deposit would 
be of silver, of course; and so with other metals. 

T. Yes : and the whole art of electro-metallurgy, or working in 
metals by electricity, consists in making a good selection of solu- 
tions, and carcfully adjusting the power of W6 battery to the work 
to be done. 

/. What was the large sheet of copper for in your great expe- 
riment ? 

T. Of course, in proportion as copper is released from the 
trough, and depositea upon the mould, the solution becomes 
weaker; but you rememter I just now told you that in cases of 
electro-chemical decomposition, the oxygen does not appear at a 
cornier ma§m, but combines ifk^ the motal, and produces an 
osae. 
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/. Oh! I see: and while oopper is taken of ibe solution at 

the mould, it is taken in at the copper surface, and so the strength 
of the solution is not diminished. 

T, You are ti^ht ; and this leads me to speak of electro-etching. 
You can readily miagine that if one half of the copper plate had 
been yamishedover, that part would haye been protected from the 
oxygen, and would not have dissolved. Now, bv first coyering 
the whole plate with varnish, and then tracing any design throngn 
to the copper, the oxygen would only attack the exposed parts, 
and so etch out a design. For the various details connected 
with electrotype manipulation, I most refer you to the printed 
manuals. 

C. Is not the operation of the battery very powerful ? 

T. The spark from a voltaic battery acts with wonderful ac- 
tivity upon all inflammable bodies ; and experiments made in a 
dark room, upon gunpowder, charcoal, metallic wire, and metallic 
leaTCS, fte. may be rendered yeiy amusing. 



tion of certain substances, that were formerly supposed to be 
siinple bodies? 

T. Sir Humphrey Dayy has, by means of luyery powerful bat- 
tery, been enabled to decompose the alkalies, many of the earths ; 
also the boracic, fluoric, and muriatic acids, llis first experi- 
ments were on potash and soda, which, instead of being simple 
bodies, are found to consist of certain metallic substaoces and 
oxygen. — See 'Dialogues on Chemistry.* 

C. Did he decompose these substances by placing them within 
the circuit of the voltaic fluid ? 

T, He did ; in a manner verj'- similar to wliat you have seen in 
the experiments with the apparatus. The alkalies, &c. were placed 
on the glass, and the two wires brought from the positive and 
negative ends of tlie battery. 

/. Did the wiies partake of the like properties with the two 
ends of the battery ? 

T. They did ; one wire was positiTe, and the other negatiye. It 
was then found, after the acuon of the batteiy, that of the two 
substances of which the alkali was composed, one imifornd^ went 
to the positive, and the other to the negative wire. 

C. lou said the alkali was disoovered to consist of a metal and 
oxygen ; which of these united witii the positive, and which with 
the negative wire P 

T. the oxygen was found at the end of the positive wire, and 
the metal at the negative end. 

/. Was the combmation owing to the two substanoes being iu 
opposite states P 
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T, It was ; and on this principle all the great discoveries of Sir 
Hnmphrey Davy are foiinaed. He found, from decisive experi- 
meuts, frequent!^ and most actlTelj repeated^ that all bodies wnicb 
chemically eombme are natanUy in opposite states. 

C. Bat alkalies and adds duai^^ 

T. True; and alkalies cmitainmg mncli oxygen are natorally 
patUwe, bat acids are natnraUy neffoHve, Hence their Immediate 
mium is aoooonted for on the common laws of electrical attractioiL 

The two substances, being in opposite electrical states^ attract one 
another, and the substance resulting finran them is a neotral aalt^ 
possessing no cdeetrical propeities. 
/. Can this experiment be reversed ? 

T. It may ; for if a neutral salt, as sulphate of soda, be brought 
within the circuit of a galvanic battery, it will be decomposed, 
and the arid, which is naturally negative, will be found at the 
positive wire, and tiie alkali at the negative wire. 

C. Do chemical qualities, then, depend on electrical powers ? 

T. They are seen, as far as expennients have ffone, to coincide 
with certain electrical states of bodies in genei*al. Acids, as we 
have observed, ^o to the positive pole ; alkidies to the negative. 
Intianimable bodies go to the negative; and are all found to lose 
the peculiar properties and power of combination^ by a change of 
their electrical states. 



CONVERSATION IV. 

MUeeUammm Expmmmit. 

T, The discoreries of Grahrani vere made principally with dead 
frogs : from his experiments, and many others that We been made 
since his time, it appears that the nerves of animals maybe affected 
by smaller quantities of electricity than any other substances with 
which we are acquainted. Hence limbs of animals properly pre- 
pared have been much empbyed for ascertaining the presence of 
voltaic electricity. 

C. What is tlu^ metliod of preparation? 

T. I have been cautious in mentioning experiments on animals, 
lest they should lead you to trifle with their feelings : I must, 
however, to render the subject more complete, tell you what has 
been done. 

The muscles, that is, the flesh of a frog lately dead and skinned, 
may be brought into action by means of very small quantities of 
common electricity. 

If the leg of a uog recently dead be prepared^ that is, separated 
from the rest of the body, having a small portion of the spine 
attached to % and so situated tmit a little dectrioity may pass 
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through it, the leg irill be instantly affected vriik a kind of spas- 
modic oontraotion^ sometimes so strong as to jnmp a considerable 
distance. 

It is now known that similar effects xobj be produced in the limb 
thus jyreparedy by only making a communication between the neiyes 

and the muscles by a conducting substance. Thus, in an anmial 
recently dead, if a nerve be detached from the surrounding parts, 
and the coverings be removed from over the muscles, which depend 
on that nerve, and if a piece of metal, as a wire, touch the nerve 
with one extremity, ana the muscle with the other, the limb will 
be convulsed. 

C. Is it necessary that the communication between the nerve 
and the muscle should he made with a conducting substance ? 

T. Yes, it is : for if scaling- wax, glass, &c. be used, instead of 
metals, no motion will be produced. 

If part of a nerve of a prepared limb be wrapped up in a slip of 
tinfcNi, or be laid on a piece of zinc^ and a piece of silver belaid 
with one end upon the mnsde, and with the other on the tin or 
sin^ the motion of the limb will be Terr violent. 

Here are two wine-basses, almost foU of wat^, and so near each 
other, as barely not to touch. I put the prepared limb of the frog 
into one glass, and lay the nerve, which is wrapped up in tinfoi^ 
over the edges of the two glasses, so that the tm may touch the 
water of the glass in whicn the limb is not. If I now form a 
communication between the water in the two glasses, by means of 
silver, as a ])air of sugar-tongs, or put the fingers of one hand 
into the water of the glass tliat contains the leg, and hold the 
piece of silver in the other, so as to touch the coating of the 
nerves with it, the Hmb will be innncdiately excited, and some- 
times, when the experiment is well made, tae leg will even jump 
out of the glass. 

/. It is very surprising that such kind of motions should be 
produced in dead annuals. 

T, Thej may be excited also in living ones : if a live frog be 
jdaoed on a plate of emo, having a slip of tinfeil imcm its baek, and 
a communication be made between tiie zmc and tinfoil, by a piece 
of metal, as silver, the same kind of contraction will take place. 

C, Can this experiment be made without injury to the animal F 

T. Yes; and so mi^ the following : I take a uve flounder, and 
dry it with a cloth, and then put it on a pewter plate, or upon a 
large piece of tinfoil, and place a piece m silver on its back ; I 
now make a communication between the metals with any conduct- 
ing substance, and you see the contractions, and the fisk's uneasi- 
ness. The iish may now be replaced in the water. 

I place this leech on a crown-piece, and then, in its endeavour 
to move away, let it touch a piece of zmc with its mouth, and you 
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will see it instantly recoil, as if in great pain : the same thing may 
be done with a worm. 

It is believed that all animals, whether small or great, mav be 
affected in some sach manner by voltaic electricity, thougn in 
different degrees. 

M. Matteucci has lately added much to our knowledge of electro- 
physiology. You may remember that, in voltaic electricity, a 
oertdn jngmioal actioii always takes place, and this, by the 
aoimdest phibaophen^ is believed to be tne cause of the electrical 
action ; said it is shown that^ in all cases of diemioal action, there 
is a correspondent amonnt of electrical action, which by proper 
' arrangement may be rendered manifest. Now, the muscles of 
animds are produced by certain chemical actions, by which the 
food enters into new combinations. 

Yes, nndoubtedly ; but yon do not surely mean to say that 
a certain amonnt of electricity is produced P 

T. I do : and if pieces of ilesh are properly arranged, the elec- 
tricity may be obtamed. On account of tlie great tenacity of life 
in frogs, it is best shown in these animals. Several frogs are 
killed ; and the skin being removed from their Ws, several legs 
from the knee upwards are collected, and placed in order one 
against the other, like so many zincs and coppers in an ordinary 
voltaic pile ; and then, by applying proper apparatus, a current 
of electricity can be coUectea. 

C. Well, tliis is curious ; and have wc currents of electricity in 
the same way P 

T. Yes, indeed we have ; but as hnmanfleshisnotsotenaciofus 
of life as frog's flesh, an opportunity does not often oocnr to test 
this. But unfortunately, or, perh^s, for his sake we should say 
fortunately, Mattencd reoeivea a violent kick from a horse, whicn 
laid bare the muscles of his leg : instead of at once allowing the 
surgeon to dress the wound, he experimented upon the bare flesh, 
and discovered that human muscle produced an electric effect. 

C, And pray, sir, how did he test the presence of eLectricity ? 

/. By means of a galvanoseofic frog^ that is to sa^, a fitog^aleg 
with a niece of the ner\ e hangm^ exposed, on allowing the nerve 
to touch the inside and the outside of the wound, tlie \m\h of the 
frog contracted violently. It is a rule, that if a current of elec- 
tricity passes along a part of a nerve, the whol-e of the nerve is 
excited, and the member to which that nerve belongs is contracted. 
There are many other curious facts of the same nature, of which 
you will learn more as you study the subject. 

By the knowledge already obtained in this science, the following 
facts are readily expkined. 

Fuze mercniy retains its metallic sjjlendour during a long time : 
but its amalgam with any other metal is soon tarnished or oxidated. 
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Ancient inscriptions engraved upon pure lead are preserved to 
this day, whereas some metals composeaof ieadandtiiiy of no great 
antiquity, are very much corroded. 

Works of metal, whose parts are soldered together by the inter- 
position of other metals, soon oxidate about the parts where the 
different metals are joined. And there are persons who profess to 
find out seams in brass and copper vessels by the tongue which 
the eye cannot discover ; and tliey can, by this means, distinguish 
the base mixtures which abound in gold and silver trinkets. 

When the copper sheeting of ships is fastened on by means of 
iron nails, those nails^ bat particularly the copper its^f^ are very 
qnicklf oonoded about the pbK»e of contact. 

A piece of one maj be kept in water a long time, with seacoei^ 
any oxidation; bat the oxidation takes place Yerj soon if a piece 
of silver toooh the zinc, while standing in the water. 

If a cim made of sine or tin be fiUed with water, and placed 
iqpon a silver waiter, and the tip of the tongue be applied to the 
water, it is found to be insipid ; but if the water be Jield in the 
hand, wliich is well moistened with water, and the tongue implied 
as before, an acid taste will be perceived. 

C. Is that owing to the circuit being made complete by the wet 
hand? 

T. It is. Another experiment of a similar kind is the following: 
If a tin basin be filled with soap-suds, lime-water, or a strong ley, 
and then the hixsin be held in ooth hands, moistened with pure 
water, while the tongue is applied to the liuid in the basin, an 
acid taste will be sensibly perceived, though the liquor is alkaline. 

From the ydtaic experiments, of which I have thus presented 
yon with a short aocoant^ it has been infened : 

1st. That it appears to be only another mode of exciting elec- 
trioify* 

2d. Voltaic electricity is prodnced hj the ehemical action of 
bodies upon each other. 

3d. The oxidation of metals appean to prodoceitingreatqim- 
tities. 

4th. Voltaic electricity can be made to set inflammable sub- 
stances on fire, to oxidate, and even inflame metals. 

5th. The nerves of animals appear to be most easily affected by 
it of any known substances. 

6th. Voltaic electricity is conducted by the same substances as 
common electricity. 

7th. When it is made to pass through an animal, it produces 
a sensation resembling the electrical shock. 

8th. The electricity produced by the torpedo and electrical eel 
^is Tcry similar in many of its effects, to TolUde electricity. 

27 
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T. At the end of the Conversations on Magnetism I promised 
to give some farther account of the recent discoveries tending to 
establish a connexion between voltaic deciricitj and magnetism. 
I may now redeem that pledge. 

Some years ago several philoBopheore attempted to influence the 
magnetb needle, by placing it in the onen gahamc encoit ; hat 
no effect was peroeptihie. Mr. Oerateo, aecretaiy to the Bo jal 
Society of Copenhagen, however, repeated the experiment when 
the galvanic circle was complete; aiid immediate found that the 
magnetic needle, when placed near, was moved tram its poeitioiu 

J. And this is electro-magnetism ? 

T* And the general expression for the effects is that an electric 
current will miik-e a magnetic needle place itself at right angles 
to the said current ; and a magnet wul make an electnc current 

rest at right angles. 

C. And will not ordinarv electricitv produce a similar effect ? 

T. Yes ; if you so modify it us tLat it shall take the current 
form, which can be managed by proper contrivance ; always bearing 
in mind that a current or completion of the electric circuit is 
necessary. 

C. Of course the direction in which the needle moves must he 
regulated according to fixed laws? 

T. Yes : place tius compass-needle on the table before you so 
that the north end of the neeidle shall pdnt toward you, and then 
imagine an electric current flowing down you, from the head to 
the feet, the north end of the needle will move toward the right. 
By this simple rule you may always determine the direction a 
needle woola take under all circumstances. If, for instance, it 
had been a south end at which you were looking, it would have 
moved to the left ; if the current had been flowing from your feet 
upward, and the north end had been before you, it would have 
moved to the left. As the needle and current are nearer to each 
other, the action is more energetic; as it also is in proportion aa 
the current is greater. 

J, You said that a magnet would move a current? 



toward the current, and the current were descending, the action 
of the magnet would be to move the eonent to tiie Im. 

C, I suppose if a descending current acted on the north end, at 
the same time an meendtn^ current acted on the south end, the 
effect would be proportionatdy increased. 



T. Yes: if 




magnet fixed with the north end 
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21 Yes: imd if you bend a piece of wire into an oblong 
qnadxangle and suspend the needle within tliis wire, Toa form an 
anangenient, in which the opposite ends of the needle are simnl- 

taneously acted upon by different parts of the same current moving 
in relatively different directions, and the effect is increased. This 
instrument is the nucleus of the galvanometer. The galmmmeter 
consists of several convolutions of copper wire covered with silk 
or cotton, with a conipass-ncedle suspended within ; it is furnished 
with a circular card, divided into degrees; and the number of 
degrees to which the needle is detlectcd bears s(jine relation to 
the power in motion. The gulvimometer is variously arranged, 
according to the force and quantity of the current to be measured ; 
^metimes being made of a short jjiece of very stout wiie, and 
at other timea of an immense qnantily of yeiy mie wire. 

While describing the gahanometer, I must tellyon of one of its 
applications that is most manreUous, namely, the jSedrie Telegraph. 
Yon are aware that electridl^ travels at an enormous velocity, so 
that to pass oyer a few hundred miles occupies literally no time 
at all. A galvanometer properly mounted is placed, for instance, 
at Dover, and another at London, and a current of electrioi^ is 
sent along them both at the same time by means of wires properly 
erected between the ])laees ; and thus whatever deflection is pro- 
duced on one is produced on the other. By certain adjustments, 
an ascending or a descending current may be sent at pkuisure 
through these galvanometers, and thus a left-hand or right-hand 
movement of the needle may be obtained. By previously arranging 
that a certain motion or motions one way or the other shall re- 
present the respective letters of the alphabet, correspondence is 
easily mamiged. For instance, two deflections to the left repre- 
sent A ; three, B ; four, C ; one to the right and one to the left, D ; 
one to the ri|^t and two to the left, E ; and so on. Instruments 
of this kind, with various modifications, the invention of Messrs* 
Gooke and Wheatstone, aie being extensively adopted on the dif* 
ferent railways in England and on the Continent. On the Dover 
Railway alone there are abont fifty instruments distributed among 
the respective stations, which are m unceasing activity throughout 
the whole of the day, teLessaphing the movement ot every train, 
and conveying intelbgenecTrom place to place. So familiar, indeed, 
and so certain have they become, that a person in Loudon holds 
eonunmiieation with another in Dover, as iamiiiarly as if they were 
in the same room. 

C. This is almost miraculous : I saw the instrument in use the 
last time I was at Tunbridge ; I had left my carpet-bag at Dover, 
and in less than five minutes I learned that it was all safe, and was 
coming on by the next train. 
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T. I Imvo filroady spoken of tlic mutual action of magnets on 
electric currents ; 1 must now tell you that electric currents act 
upon car-h other; the rule hciiif^' that similar currents attract, and 
dissimilar rrpcl. The comi)licated actions arising from converging 
and diverging, from direct and circular, currents are detailed at large 
in treatises on electro-dynamics. 

/. But you have not yet shown us how the continued motion is 
produced which I see in many pieces of apparatus at the Polj- 
technic and elsewhere. 

T. Touiiotioed tint a descending eoRent made the nortii end 
of the needle more to tiie right ; at the same tiaie it was acting 
on the south end, aitiioogh fSstitiier ranored, and caiued it to move 
to the Idft. When these two forces were in eqnilihiio, ihb 
needle came to rest; but if there had been no south end to act 
upon, or the force of the conentirare loet befoie it could act upon 
the soatii end, f !io north end would continue going to the light, 
and a constant motion would be the result. Imagine yourself 
standing on the surface of a rirrular pond of water, with an elec- 
tric current descending and pjissing out of your feet, and diffusing 
itself in the water ; then imagine a magnet floated vertically in the 
# water by a wooden float, so that its north end is above the water. 
The tendency of this magnet would be to move to the right ; and 
if it were properly guided, you would find it continue to rotate as 
long as the current passed. 

C. But why does not the action of the current on the south 
pole counteract tliis motion? 

T. Because the ennent exists onl j ahove the smtee : on the 
snrfooe, it is difliued and comparatively lost, and the south end is 
too low in the water to feel the influence of the current. And 
now if you examine all these arrangements, jou will find tiiat the 
current is made to act on one pole only of the magnet, or one pole 
only is made to act on the current. If you keep this one idea in 
mind, and divest yourself of all complipation ol ideu^ you will 
readily be able to analyse all these apparently complex pieces of 
apparatus, and will understand the real principle far more readily 
than you would were I to harass you with a aescription of some 
of the many arrangements. I ought to tell you that ii'araday was 
the first to produce a ma<jnetic rotation. 

C. But I have seen a httle piece of rotating apparatus, which I 
have heard you call your Ritchie, that does not depend on this; 
for I have seen both poles active. 

T. True ; this depends on another property of electric currents. 
If an electric current passes round a piece of iron, the iron becomes 
a magnet for the time heing. Now a wooden dish, divided into 
two cells by a partition, is placed hetwesn the poles of a hone- 
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shoe magnet ; a little piece of soft iron, coated with copper wire, 
is balanced on a pivot over tlus dish, and the two ends of the 
wire dip into the respective cells of mercui-y, which are connected 
with tlie respective ends of the battery. Wncn the current passes, 
the two ends of the bit of soft iron become magnetic poles, and 
move in obedience to the attractive power of the magnet ; but the 
momentum they acquire carries the ends of the wire across the 
partition, and as they change cells, the direction of the current is 
altered, and the pQlies dumge ; so that» instead of lemainixiff at 
wbat would have oeen its pface of test, tiie piece iron, w£]di» 
by the by, is tanned an electro-magnet, ia earned onward, and so 
we have a continued rotation. 

C. Could not this power be emploved for practical purposes P 
T, It has been applied on a small scale; but no anan^ement 
has yet been devised, whioh is suffidentljr sure and powertul, and 
at the same time economical, as to permit of its being introdnoed 
in the arts. 

While speakinff of rlrotro-magnets, I should tell you that this 
is a mode in whicn magiiClLsm is most powcrfidly developed. By 
means of electric currents passing round iron, there is scarcely 
any limit to the magnetic power. 1 have seen an electro-magnet 
constructed for the VYoolwich observatory, under the direction of 
Dr. Faraday, that sustained several sets of fiie-irons with great 
facility. Tnere is au electro-ma^ael also that sustains a room full 
of people. 

C. Can you tell ns any uses to which the electzo-magnet is 
applied ? 

T» I might tell yon of sereraL Let me, however, refer to the 
telegraph which I just mentioned. You may ranonber that the 
sigiuus are given b v galyanometer-needles ; now it would not be ^ 
very sure means of gaining attention, if the clerk were expected 

to keep his eye on the needles until his attention was called. In 
this case the ear is the best attendant: a bell zings, for which pur- 
pose an electro-magnet is applied in the following manner. A clockr 
work movement is constructed, which sets in action the clapper 
of a bell; the movement is held back by a small detent, affixed to 
the keeper of an electro-magnet. When the keeper is attracted to 
the magnet the detent is set at liberty : so that the only contriv- 
ance necessary is to provide a means of conveying an electric 
current along a wire wound round the electro-magnet. 

/. You said a great deal about induction when you were de- 
scribing ordinary dectridty ; is there any induction in galvanic 
electricity? 

T. Yes ; if a current is sent along one wire, it induces a cur- 
rent in another wire placed near it; and tiiis secondary current, as 
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it is termed, is frcmiently employed in cases where the primarj 
current would not oc convenient. For instance, it provides us 
with a means of oljtaiiiing very powerful shocks. This apparatus is 
termed the clcclro-magnetie coil. A coil of thick, covered copper 
wire is wound round a reel; and outside this a much greater 
leng-th of thin wire is wound. If the ends of the thin wire are 
placed in sc});ir;itc basins of water, and the hands be immersed in 
this water, a vcr\' violent shock will be Iclt every time the battery 
current is broken off from the other wire^ after it has entered it. 
The more frequently the cunent is hrokea ofl^ the iiic»e nmiimms 
are the shocks, and the more yioleiit is the effect. ^ The advantage 
of frequent breaking and making of eoatact has giveii rise to hih 
merous pieces of apparatus^ most d them self-actke, by which 
this effect is brought about. The power of these coils is greatly 
inereased by placmg an iron rod, or still mote^ a bundle of iron 
wires^ in the centre. 



CONVERSATION VL 

C. As James and I are about to leave you tliis week, we are 
both very an.vious to leani anything further jou can teach us rela- 
tive to electricity and magnetism. 

T. A\'c have already seen that electricity produces magnetisnL 
I \vill now tell you how magnetism will produce electricity. 

Dr. Parada^' took a ring of iron, and wound two separate lengths 
of covered wure over different parts ; and he found that when a 
current vas sent through one mre^ a emmit oecimed in the oppo- 
site direction. He eonoeiyed, and Teiy troly, as he afterwaids 
f oundy that the magnetism of tiie iron produced the curvent^ jmit 
as the ouRent in the other wire produeed the magnetism. To 
pro?e this^ he took a coil of wire, imd connected its ends with a 
galvanometer; he placed within the ooil an iron rod ; and as soon 
as this was magnrased a current was produced in the wire; it 
moved in a given direction at the act oi making the magnet ; it 
ceased during the existence of the magnetism, and occurred in the 
opposite direction when the magnets were removed. 

He now took the iron bar away, and employed a cylindrical bar 
magnet: when this was introduced into the coil a current occurred 
in a given direction ; while it remained there the current ceased, 
and on its >\'ithdrawal the current occurred in the reverse direc- 
tion. If a wire cuts the m^netic curves, or the curves cut the 
wire, there is a tendency to the production of a current. If, in- 
stead of a wire, a plate of copper is used, the same general effect 
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oocure^ ^tk this additioaial advantage, tbat a succession erf cur- 
rents, or rather one continuoas current, may be obtained. The 

first practical carryin^^ out of this idea was in Faraday's magneto^ 
electric machine, wliich consisted of a disc of copper rotating with 
its edge between the poles of a powcrfid horseshoe magnet. Tlie 
direction of the current was from the centre to the circumference, 
or from the circumference to the centre, according to tlie direction 
of the rotation ; and tlie electricity is collected by means of wiics 
applied, one to tlic edge, the other to the centre of the disc. 

C. Does tills machine produce powerful elFects ? 

T. No ; but Saxtou contrived a roachme, iu which coils of wire 
were rotated in firant of a magnet ; the ends were properly at- 
tadied to oonneetinff metals, so as to direct the cmrents, ana Tio* 
lent shocks and biiDiant sparks, wit& all tiie Tdtaic effects, may 
be obtained. For shocks a lon^ coil of thin wire is used; for ligfaj^ 
heat, and chemical decomposition, a shorter length of thin wire is 
emplojed. The magneto-electric machine is used for some forms of 
electnc telegraph, and also for plating and gilding by electricity. 

It is not necessary to have magnets to produce these effects, 
for they have all been produced, though in a less degree, by the 
native magnetism of the earth. The machine in this case has been 
termed the magnetO'electro-telluric machuie. 

J. I have Ustened very patiently during our Conversations on 
"Electricity to hear some notice oi Armstrong's hi/dro-electric ma- 
chiMy wluch produces such briUiant clTeets at the Polytechnic. 

T, I am glad you have reminded me of my omission ; for, in 
the many things that I was anxious to describe to you, I had almost 
forgotten this. It consists of a liigh-prcssure steam-boiler, fur- 
nisned with a considerable number of escape-tubes, the nozzles of 
which are lined with a small cylinder of box-wood: in front of the 
tabes is a conductor furnished with points to de-electrize the 
steam as it escapes. It appears that as the steam escapes, a small 
portion of it is condensed into little particles of water : the un- 
condensed, as it esciipes, rubs these water-particles against the 
box-wood, and the effect is exactly the same as rubbing the glass 
cylinder CKf the ordinary electrical machine af2;ainst the cushion ; a 
prodigious quantity of frictional electricity is produced ; and the 
sparks collected from the boiler exceed m bulk and t^ion any 
that have been collected by other means. 

/. You ])laced the word ihefmo-eleciricity at the head of this 
Conversation. 

T. Yes; this is electricity produced by the motion of heat 
among the particles of certain metals. ^Mr. Scebeck discovered 
that a bar of antimony, differently heated in op})o^5ite parts, gave 
a current if their parts were metallically comiccted. But if a 
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piece of bismuth is soldered to a piece of antimony, and heat be 
applied, the effect is very marked. Such an arraii^^cment is termed 
a thcrmo-electric pair : several of these paiis combined is termed 
a thenna«leotrio ^ile. 

C. 'Win these piles gire shoeks and speduP 

T. Now not diroctly ; thej by l£e interreiitioa of a oofl ol 
copper xuNUid. But thej constitiito the most deUcate indicators 
of small quantities of heat that are known : some measue neailj 
to the.hnndredth part of a degree. If a pile is exposed to ladift* 
tion from the human body, though at several yards distance, the 
heat affects it : an insect resting on it will also oe indicated. And 
lately it has been employed suooesafiilly in. preying that the moon 
possesses heat. Dehcate thenno-pairs have been used to obtain 
the temperature of the human body, by being tlirast into the arm. 
The temperature of plants and flowers has been measured. And 
to conclude with a sort of anti-climax to the many heat -producing 
effects of electricity, the thermo-electric apparatus has been em- 
l)loyed to prove a ease in which electricity produces cold: as when 
a very feeole current passes the junction of bismuth and anti- 
mony. And now, my dear boys, I must bid you farewell. You 
must not leave me under the idea that you are well acquainted 
with physical science. All we have done is just to take a peep 
here and a jglaiice tiiere. We have trodden oyer the first parts 
of several brandies of physics; we hare looked at the leading 
features; and I tmst jaa liaye seen and heard enough to induce 
yvm to make yourselves better aoqaainted witii these subjects. I 
hare felt more than ordinarv interest in talking with yon, beoauBQ 
I could see in you a kodable desire to \emL 

C. We are both yery much indebted to yon for your kindnems 
and yeiy gnMj regret that the amuigenientB which pi^ has 
made for ns will not permit of oor renewing these agreeaUe 
meetings. 

J. For my part, sir, I can never be sufficiently gratcM to yon 
for the pains you have taken in instraotiug us. 
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Absorb, to drink in. 

Acceleration, a body moving faster and faster. 

Action and reaction, equal and contrary, p. ^ Curious instance of. Ma 

Adhesion, a sticking together. 

Air, a fluid, the pressure of which is very great, its nature and uses, 
lOfi. Its pressure, experiments on, 2Q1-8. Its weight, how 
proved, 201. Its elasticity, 211-15. Its compression, 215-18. 
Necessary to sound, 222. Vehicle of heat and moisture, Ap- 
pendix to Pneumatics, 2iiiL 

Air-gun, structure of, explained, 22L 

Air-pump, described, 197. Its structure explained, i^. Experiments 
on, 200i 20^=21. 

Alcohol, ardent spirit ; equal parts of alcohol and water make spirits 

of wine. 
Alkaline, a saline taste. 
Altitudes, measured by the barometer, 252. 
Anamorphoses, distorted images of bodies, 
Ancients, their mode of describing the constellations, G3< 
Anemometer, 2iiL 

Angle, what it is, 2« How explained, t^. Right, obtuse, acute, ib» 

How called, 3. 
Animals, all kind of, affected by Galvanism, ilA 
Aperture, a small hole. 

Aphelion, the greatest distance of a planet from the sun. 
Apogee, the sun's or moon's greatest distance from the earth. 
Aquafortis, of what composed, A± 

Archimedes, proposed to move the earth, 367. Some account of, 169. 

His inventions, t^. His burning mirrors, 298. 
Arrow, to find the height to which it ascends, la. 
Atmosphere, height of, 252* Pressure of, on the earth, 25fi* The 

effect of, 2a3=9iL Light refracted by, 221. 
Atmospheric railway, 208* 

Attraction, the tendency which some parts of matter have to unite with 
others. 

Attraction, capillary, what meant by, Illustrated, ib. 
Attraction and repulsion, electrical, 354 — magnetic, &c. 342. 
Aurora borealis, vulgarly called the northern lights. Imitated, 38^ 

A curious one described, 3B0. 
Balance, hydrostatical, described, 1^3* 
Balances, false, how detected, 12. 
Ball, why easily rolled, 23. Scioptric, its effect, 2afl. 
Barometer, explained, 209, 249-56. Its construction, 249. Standard 

altitude of, 2ML Variation of, id. To measure altitudes with, 252. 



426 



GLOSSAEY AND INDEX. 



Battery, electrical, described, 374. Experiments on, 375. Voltaic 

battery, 408. 
Beccaria, his observations on falling stars, 388. 
Bellows, hydrostatical, 147. 
Birds, how they support themselves in the air, 3iL 
Bissextile, the meaning of the word, ^2, 

Bodies, heavenly, why they move in a curved path, 31. The latitude 
of, IL Elastic and non-elastic, illustrative of the third law of 
motion. Weight of, diminished as the distance from the centre 
of the earth is increased, LL Their vis inertias, 25. Falling, the 
law of their velocity, 13- Sonorous, elastic, 221* 

Body, moving one, what compels it to stop, 2fi. 

Boyle, Mr., first saw the electrical light, 3^3. 

Bride's (St.) church, damaged by lightning, 386. 

Bucket, how suspended on the edge of a table, 25. 

Buifon, M., his experiments, 21i& 

Bullets, leaden, how made to cohere, 7^ 

Burning lenses, 2H5. 

Camera lucida, 333* 

Camera obscura, 33(L 

Cannon, the sound of, 224. 

Capillary attraction, fluids attracted above their level by tubes as small 
as a hair. 

Cardinal points, how distinguished, 63. 
Catoptrics, the science of reflected light. 
Cavallo, Mr., his electrical experiments, 386* 
Cements, 2. 

Centre of gravity, the point of a body, on which, when suspended, it 
will rest, 21* Between the earth and sun, Bfi. How applicable 
to the common actions of life, 22* 

Centrifugal force is the tendency which a body has to fly off in a 
straight line. 

Centripetal force is the tendency which a body has to another about 

which it revolves. 
Circles, Galvanic, what, 467. First order, ib. Second order, ib. The 

most powerful, ib. 
Clepsydra, principle of, explained, 1.'>4. 
CUmates, how improved, 270. 

Clocks and dials, why they do not agree in the measure of time, 70^ 24* 
Chain -pump, lil3* 

Cohesion, attraction of, fL How defined, td. Instances, id. Its force, 

How overcome, ib. Instances of, ib. 
Coining, apparatus for, referred to, 52* 
Cold, 270. 

Colours, the cause of, 293. 

Comets, in what respects they resemble planets, 124* The heat of one 
calculated, ib. New theory respecting, 125* Parts of comets, ib. 
Compression, the act of squeezing together. 
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Concave Lenses, 

■ Mirrors, 286, Experiment with two, 386. 

Condensation, the act of bringing the parts of matter together. 
Conductors, electrical, what meant by, 355. Table of, 356. Galvanic, 

407. Perfect and imperfect, ib. 
Cone, double, why it rolls up an inclined plane, 2A± 
Conjunction, planets when in, moon when, 101. 
Contact, touching. 
Converge, to draw towards a point. 
Convex Mirrors, 302^ 3ILL 

Cookery, some operations of, how accounted for, 7i 
Crane, the principles of a, ifi. One invented by Mr. White, 4^ Dis- 
tiller, described, 174* 
Cupping, the operation of, explained, 215- 
Cups, hemispherical, experiments on, 206. 
Cylinder, how made to roll up a hill, 24, 
Dancers, rope or wire, how they balance themselves, 23* 
Dancing Figures, electrical, Sfifi, 

Davy (Sir Humphrey) his application of voltaism to chemistry, 413. 
Day, astronomical, when begins, Ofi. The diiference between the 

solar and sidereal, 
Day and Night, how explained, 81* 

Days and Nights, why of different lengths, 84* To whom always 

equal, &2* 
Deception, optical, 60* In feeling, ib. 

Deceptions, on the pubUc, by short weights, how detected, 42* Occa- 
sioned by swift motions, 2SL Optical, 280, 283, 305, &c. 
Declination of the sun, 6fiL Of the moon, 69. 
Degrees, how subdivided, 67. 
Delaval, Mr., his experiments on colours, 2M* 
Density, compactness. Constitutes specific gravity, IML 
Dew, 2IL 

Diagonal, the lines which join the opposite comers of a square or 

other right-lined figure. 
Diamagnetics, 350. 
Digester, used for making soups, R. 
Dipping of the needle of the compass, 34fi* 

Direction, line of, how defined, 22* Must be within the base of a 

body that stands secure, ib, 
Discharging-rod, 371. 
Dissolving Views, 332* 
Distance measured by sound, 22iL 

Diver's Bell described, 184. IIow used, Ififi* Accidents with, ib. 

Smeaton's improvements on, 187. Walker^s improvements on, 

179. Anecdote of, ib. 
Diverge, to spread out. 
Double Refraction, 3M. 

Drowning, the danger of, to inexperienced persons, 178. 
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Earth, centre of, why bodies move to it, LL Why not apparently 
moved, lA. Its shape, Ifi. Its diurnal motion, 78-81. The ve- 
locity of its motion, 8(L When its motion is quickest, No 
argument against its motion because not apparent, 2SL Its mag- 
nitude, Its globular figure, IL. How proved, 74-6. Its 
poles what, 7£_. Its axis, ib. Its annual motion, Nearer 
the sun in winter, &d« Its rotation the most uniform motion in 
nature, A satellite to the moon, 1112- 

Earthquakes, 

Echo, the nature of, explained, Curious ones noticed, 23^ 

Applied to the measuring of distances, 22A± 
Eclipse, an occultation of the sun or moon. 

Eclipses, the cause of, explained, 1112^ Total of the sun, very rare, 
lii^ Annular, ib. Account of one seen in Portugal, id. Sup- 
posed to be omens of calamity, ib. 

Ecliptic, the earth's annual path round the heavens. How described, 
fi5^ How to trace the, ib. 

Effluvia, fine particles that fiy off from various bodies. 

Eggs, discoloration of silver with eating, 407. 

Elasticity, the quahty in some bodies, by which they recover their 
former positions, after being bent. What meant by, 10. 

Electric, what meant by, ZhZ^ Light, by whom first seen, ib. Table 
of electrics, 327. 

Electric Spark, 378. 

Telegraph, 413. 

Electrical Discharger, 372. 

Experiments, 37L 379, SfiL 

Machine, 357. 

Electricity, history of, 3&3. Attraction, electrical, when first noticed, 
ib. The two kinds, 3(i2* Attraction and repulsion, ib. Atmo- 
spheric, 355. Medical, 393. Animal. Voltaic, 41L 

Electro-magnetism, 388. 

Electrometer, 367. Lane*s, 374. Quadrant, the use of, ib. Another 

kind, 3&2. 
Electrophorus, 382. 
Electrotype, 41L 

Eolian Harp, structure of, explained, 235. 

Ephemeris, an almanac. White's explained, 67. 

Equator, how described, 67, 11, 

Equation of Time, 93-6. 

Equinoctial, what meant by, 

Eye, the parts of which composed, 307. 

Fahrenheit's Thermometer, 257. 

Feathers, electrified, their appearance, 363. 

Fire-engines described, and the principle of them explained, 192. 

Fish, how they swim, 195. Air-vessel of, its uses, IM. Electric, 3fi7. 

Flannel, a conductor of sound, 223. 

Flea, circulation of the blood of a, 6. 
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Flood-gates, why made very thick, 151* 
Flowers, colours of, 2M* 

Fluids and Solids, how distinguished, 121^ Particles of, exceedingly 
small, 13t2. Incapable of compression, 134. 

Fluids press equally in all directions, 137. Incompressible, 13ft. Air, 
compression of, ib. Weight and pressure of, experiments on, 
138-41. Lateral pressure of, 141-3. Difference between the 
weight and pressure of, 1^2. Motion of, 1^2^ Experiments 
on the light and heavy, 174. Specific gravity of, difi^ers accord- 
ing to the degrees of heat and cold, ITL 

Focus, 284* Imaginary or vertical, of a concave lens, 287. Of a 
double convex ditto, 2filL 

Force, centrifugal, what meant by, iL 

Forcing-pump, 191. 

Fountain, in vacuo, 208* Artificial, 211. 
Fountains, the principle of, explained, 157. 

Franklin (Dr.) discovers that lightning and electricity are the same, 385. 
Friction, rubbing. Must be allowed for in mechanics, 5IL 
Frogs, experiments on, 415- 

Fulcrum, the prop or centre on which a lever turns. What meant by, 38- 
Galvani (Dr.), his discoveries, 462. Experiments on frogs, i^. and 4 1 .5, 
Galvanic Batteries, how formed, 405. Shock, ib. 
Galvanism, what it is, 4il2* From what it derived its name, t^. The 

same as electricity, 403. Made apparent to the senses, 404. 

Positive and negative, 408. Summary of, 417. 
Garden-engines, described, 192* 

Gas, a kind of air. Hydrogen, how procured, 408. How collected, 409. 
Gauge, a measure. 

Geocentric place of a planet, what meant by, 117. Longitude, 118. 
Globe, the great part of its surface water, 23^ A represe.ntation of the 

earth, 22, 
Glue, for what used, 9* 

Gravity, the tendency which hodies have to the centre of the earth. 
Centre of, what meant by, 21. How found, 21. Acts upon all 
bodies, 12. The law of, 12, 22* Illustrated, 16^ 19* 

Gravitation, attraction of, defined, IL Instances of, ib. By this force 
bodies tend to the centre of the earth, 12* 

Gregory (Pope), rectifies the Julian year, 

Guinea, specific gravity of, lfi4. 

Gunpowder, how fired by voltaism, 405* 

Gymnotus, described, 397. Mode of catcliing, 398. 

Hammer, philosophical, 201. 

Hampstcad, the fine prospect from, 311* 

Harmonical glasses, 2ilfL 

Harvest-moon, explained, 109. Cause of, 1 10. 

Heat, expands all bodies, Z* The cause of great, 81L Scale of, 2fi0. 
Of a day, on what depends, 209* 

Height of any place, how found, 18* 
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Heliocentric Longitude, 117. 

Herschel, the planet, when discovered, 122. Magnitude, distance. Sec. 
73^ 123. 

Hiero's Crown, cheat respecting, how detected, 170. 
Hogshead, how burst by the pressure of water, 112- 
Hooke (Dr.) his microscope, ;i2fL 

Hop-waggons, dangerous to meet in an inclining road, 23. 

Horizon, the boundary where the sky seems to touch the surface of 

the earth or sea. Sensible and rational, 8L To which we refer 

the rising and setting of the sun, id. 
Humidity, increases the transparency of the atmosphere, 270. 
Hydraulics, hydrostatic principles applied to mills, engines, pumps, &c. 
Hydrogen, 403. 
Hydro-electric machine, i23* 

Hydrometer, an instrument to measure the strength of spirits. De- 
scribed, 174. To what applied, 177. 
Hydrostatics, the origin of the term, 13L The objects of, id. 
llydrostatical Balance, lii3» 

Hydrostatical Bellows, described and explained, 148. Press, 149, and 
104. Fluids, pressure of, in proportion to the perpendicular 
heights, 150. 

Hydrostatical Paradox, explained, 144-47. 

Hydrometer, an instrument by which the moisture of the air is mea- 
sured. Its construction and use, Different kinds of, 2^ 
Jack-a-lantem, 390. 
Immerse, to plunge in. 
Impel, to drive on. 

Incidence, lines of, 23L Angle of, 275. 
Inclined plane, 5IL 
. Incompressible, not capable of being pressed into a smaller compass. 
Induction, 

Inertia of matter, its tendency to continue in the position in which it is. 
Ingenhouz (Dr.), referred to, liL His character, ib. 
Interstices, the hollow spaces between the particles of matter. 
Invisible girl, principle of its mechanism, 2^ 
Iron, oxide of, 404. 

Jupiter, the planet, IIR. Its magnitude ; distance from the sun ; the 
velocity of its motion, ib. The length of its days and nights, ib, 
SatelUtes, ILL 

Julius Caesar, the part he took in reforming the year, 9&a 

Lateral, side wise. 

Latitude of the planets, their distance from the ecliptic, ZL Parallels 

of, ai. 

Lead, eleven times heavier than water, 143-59. Oxide of, i04* Ace- 
tate of, 409. 
Leaf, gold, silver, &c., how burnt, 406. 
Leaks, in banks, how secured, 1fi3. 
Leap-year, what meant by, 9fi. Rules for knowing, 97. 
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Lenses, different kinds described, 2M. Focus, ib. 
Levels, construction of, l.'^fi. Use of, ib. 

Lever, a bar, crow, &c. For what used, aS. Why called a me- 
chanical power, ib. Of the Jirsi kind, what instruments referred 
to, IL How to estimate its power, 42. Of the second kind, 
what instruments referred to, ib. Of the third kind, what in- 
struments referred to, 43. 

Levers, how many kinds, SiL Their properties illustrated, t^. 

Leyden Phial, 368. When first discovered, 369. Description of, 370. 

Light, its great velocity, how discovered, 128^ THL Of what com- 
posed, 272. Sun subject to no apparent diminution, ib. The 
source of light to the planetary worlds, 273. Moves in straight 
lines, Ray of, what meant by, 2IiL Reflected and re- 

fracted, 275-80. Its great advantages, 2iKL A compounded 
body, 2Mx Galvanic, how perceived, 404. 

Lightning, conductors for, 3a5. 
effects of, ib. 

Liquids and Fluids, distinction between, 132. 

Lines, right, what meant by, 2^ note. 

London, how supplied with water, 157. Bridge, waterworks at, 1^2- 
Long Days, the reason of, 82^ 

Longitude of the Planets, &c., IL Heliocentric, 117. 
Lungs Glass, 207. 

Machine, electrical, 357. The most powerful, 3fL 
Magic Lantern, a.*^!. 

Magnet, described, 340 . Its uses, i*.* Directive property, i*. Arti- 
ficial, 341. Properties of, ib. 

Magneto-electricity, 442. 

Magnets, how to make, 344. 

Magnetic attraction and repulsion, 341. 

Magnetism, summary of facts and principles, .34 R. 

Marbles, reason why they roll to greater or less distances, 26. 

Mariner's Compass, described, 347. Vfiriation of, ib. 

Mars, the planet, its distance from the sun ; its velocity ; its magni- 
tude, &c., 1 16. * 

Matter, every substance with which we are acquainted. How defined, 
3. Capable of infinite division, 4, Remaikable instances of the 
minute division of, ib. 

Mechanical Powers, how many, and what they are, 3iL 

Mechanics, importance of, 37^ Power gained by them, ib. 

Mercury, the planet, its situation, 112, and Venus, why called inferior 
planets, ib. Rarely seen, ib. Its distance from the sun; its 
velocity ; its size, &c., 113. 

Metals, some more sonorous than others, 224. 

Meteoric Stones, how accounted for, 2X1. 

Microscope, its principle explained, 32^ Single, 32fi- How made, ib. 

Compound, 327. Solar, 328^ 
Mirrors, the different kinds, Concave, 2M^ Convex, 302.4. 
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Momentum, the moving force of a body. What meant by, 13. Illus- 
trated, t^. 

Money, counterfeit, wrong to pass it, 172. 

Month, what meant by, Difference between the periodical and 
synodical, ib. 

Moon, to what laws subject, LL Its declination, 20. Its southing, ib. 

Its distance from the earth, 92. When ^ conjunction, 100. 

When in opposition, ib. Probably inhabited, IHI. Volcanoes 

in, t^. EcUpses of, 1112. 
Moon and Earth, motion of, explained, 95L. Shines with borrowed 

light, ib. The length of her diameter, ib. Phases of, explained, 

IIML Her rotation described, ib. Length of her day, ib. Length 

of her year, t^. Har>'est-moon, see Harvest. 
Motion, centre of, what it is, 3fi. Laws of, 25 ; the first illustrated, 

2fi ; the second illustrated, 21 ; the third illustrated, ib, ; must be 

committed to memory, 3iL 
Motions, circular, exist in natnre, ib, 
Muschenbroeck, M., describes the electric shock, 369. 
Multiplying Glass, 33L, 

Musical Instruments depend on the air for action, 235. 

Nadir, the point under our feet. 

Nautical Almanac, its use, fifi. 

Needle of the mariner's compass. Dipping, 348. 

Nerves and Muscles, how conductors of the galvanic fluid, 415. 

New Style, when adopted, 97. 

Newton, Sir Isaac, his experiments on electricity, 353. 
Ninkler, M., his description of the electrical shock, 321* 
Nodes, the points in which two orbits intersect each other, ID3. 
Non-conductors, 355. 
Non-elastic bodies, 33. 

Objects, by what means visible, 279. The image of, how painted on 

the eye, 3M. 
Oblate, of the shape of an orange. 
Opaque, dark. 
Optical Delusions, 3(15. 

Orbit, the path of a planet round the sun, or of a moon round its 

primary. The earth's orbit, ftS. 
Orreries, electrical, 400. 
Oxidation, what meant by the term, 403. 
Oxide, the calx of a metal. What meant by the term, 403. 
Opposition, when the moon is in, lilL 
Paley, Dr., his Natural Theology referred to, 311. 
Papin's digester described, 8, 24fi. One burst, 218. 
Parker, Mr., his large burning-glass, 2afi. 
Pendulum, 58. Its laws, 5S* 
Percu8si6n, a stroke. 
Phantasmagoria, 331. 
Phenomenon, an appearance in nature. 
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Phial, Ley den, where discovered, 352- 

Philosophy, what it is, L Natural and experimental, the introduc- 
tion to, not difficult, ib. 

Pisa, tower of, leans out of the perpendicular, 2X 

Plane, inclined, explained, 51L Examples respecting, hl^ What in- 
struments referable to, 52* 

Planets, their number and names, Z^. Characters of, IL Latitude 
of, 2_L The order of their motions, 1^ How to find their dis- 
tances, 112. Synopsis of, 123. 

Pneumatics, what treated of under, ISS* 

Points, cardinal, 63* 

Polarization, 33i. 

Pole-star, its use, 63* 

Poles, ZL Apparently stationary, 82* Only one day and one night 

in the year at, ^ 
Press, hydrostatical, 149. 

Priestley, Dr., his History of Electricity referred to, 353. 
Price, Dr., referred to, 
Prism, the effect of 221* 

Puddling, what meant by the term, Ihh. , 
Pulley, how explained, 41* The single gives no advantage, ib. The 

movable, 4k. Disadvantages attending pulleys, ib. Concentric 

pulley, ib. 

Pump, principle of, IfiS* Forcing-pump described, ISL Rope-pump, 

123* Chain-pump, ib. 
Pyrometer, its construction and use, 2fi2* 
Quicksilver, the pressure of a column of, 202. 
Radiant points, from whence rays of light flow in all directions. 
RainI)ow, the cause explained, 314* Artificial, 31&* Curious ones 

described, ib. 

Rain, cause of, explained, 270. Au electrical phenomenon, 3112* 

Rain-gauge, its construction, 266* How it is used, 267. 

Rays, pencil of, what meant by, 283u Parallel definition of, ib. 

Reflection, rebounding back. Its powers in apparently multiplying 
objects, 61* Line of, explained, 231* Of light, 274. 

Refraction, inclining or bending out of a direct course. Its power in 
apparently multipljing objects, 62* Of light, 277. Optical de- 
ception arising from, 281* 

Repulsion, driving away, what meant by, ISL Instances of, Uf. 

Residuum, electrical, what meant by, 373. 

Retrograde Motion, by which the heavenly bodies appear to go backwards . 
Reverberate, to beat back. 

River, New, how it supplies London with water, 157. Reservoirs be- 
longing to, ib. 
Rivers, banks of, must be very thick, IM* 
Roundabouts, the principle of, 36* 
Rope-pump, 123* 

Saverj-, Capt. supposed inventor of the steam-engine, 241i 
Saliva, decomposed by Galvanism, 423* 2fi 

r 
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Salt, whatever has a sharp taste, and is soluble in water. 

Salt Water, heavier than fresh, consequence of to a loaded vessel, 177 . 

Satellites, moons. 

Saturn, the planet, how known, 113. Its magnitude, ib. Distance 
from the sun, velocity of its motions, 120. Its satellites and rings. 
id. The length of its day and night, 12L 

Scioptric Ball, 2aa. 

Screw, an inclined plane wrapped round a cylinder. Its principle ex- 
plained, Of what composed, bh. Examples of, 56. Used 
by paper.makers, 51. Its power estimated, ib. 

Season, the hottest, 8iL 

Seasons variety of, on what depends, 86^ Dififerent, how accounted 

for, 86-93. How produced, 
Shadow, of the earth, its form, 104. 
Sight and Smelling compared, 274. 
Signs, astronomical. See Zodiac. 
Silurus Electricus described, 397. 
Silver, experiment with, 401. 
Slaves, how they get at their master's rum, 175, 
Smoke, the reason of its ascent, 22iL 
Smoke-Jack, its principle, 232* 
Solar System described, 71-74. 
Solder, for what used, Q. 

Sound, conductors of, 223* How far it may be heard, 225* How fast 

it travels, 22fi- Velocity of, applied to practical purposes, id. 
Southing, moon's, 20^ 

Spark, electrical, its nature, 378. Galvanic, its power, 41.'^. 
Speaking Trumpet, 227. Images, 231L 

Specific gra\ity, what meant by, 141. Of bodies, explained and illus- 
trated, 158-74. How to find, 1112. Table of, 174. 

Spectacles, their construction, uses, and dififerent kinds, 31lL 

Spirit, rectified, what meant by, 1 75. 

Springs, intermitting, explained, 1H3. 

St. Paul's, whispering gallery of, principle explained, 234* 

Stars, how to find the names of, 63* Fixed, their number, 6IL May 
be distinguished, 62* Why marked on the globe with Greek cha- 
racters, 65* Fixed, their apparent motion, Z8* Why not seen in 
the day, 83. Fixed, their immense distance, 81. Fixed, descrip- 
tion of, 127* Their uses, 129* Falling, what they are, 3aa. 

Steam-Engine, its use, 24iL When invented, 241. Its structure, 24 2. 
The application, 244. That of Messrs. Whitbread described, 247. 
Its power calculated, ib. Accidents occasioned by, ib. 

Steelyard, a sort of lever, 39* Its principle described, 4jQ* Its advan- 
tages over a pair of scales, ib. 

Stones, meteoric, 271. 

Storms, by what occasioned, 275* 

Style, new and old, 97. 

Suction, no such principle in nature, 204. 205* 
Sulphiu-et, alkaline, what, 408. 



d by Google 



GLOSSARY AND INDEX. 



435 



Summers, two in a year in some places, 
Sun and Clocks, seldom together, 

Sun, declination of, fifi- Longitude of, 10^ Has no latitude, ib. Its 

magnitude, iL Why it appears so small, t^. Its distance from 
^ the earth, ib. Annual motion of, how observed, 6^ Nearer to 

the earth in winter than in summer, filL Eclipses of, 1Q4. A 

description of, 127- 
Swimming, theory of, 178. How to be attained, ib. Less natural to 

man than to other land animals, ib. 
Syphon, the structure of, explained, 18Q. Its principle, ib. 
Syringe, its structure explained, 202. Condensing one described, 217. 
Tables, Galvanic, 408. 

Tangent, a straight hue touching the circumference of a circle in one point. 
Tangible, capable of being felt or handled. 
Tantalus's Cup, 

Taste, a disagreeable one excited by the union of metals placed on 
and under the tongue, 411^ How accounted for, ib. 

Telescope, refracting, explained, 318. Night, 322- Reflecting, ex- 
plained, ib. Dr. HerscheVs, 2t22L 

Temperatures of the air, to what limited, 270. 

Terms, technical, derived from the Greek language, 131. 

Thermo-electricity, 122. 

Thermometer, its construction and uses, 250-262. Its scale, 2iiiL 
Wedgewood's Reaumur's scale compared with Fahrenheit's 
2iiO. Heat, scale of, ib. 

Thunder, how produced, 322- Thunder clouds, ib. 

Tides, the cause of, explained, 105-109. Two every 2A hours, 107. 
Different in different places, i^. When the highest happen, 108. 

Time, equal and apparent, how distinguished, 93- On what the dif- 
ference depends, 04- Equation of, 69, 92- Division of, 2fi* 

Time and space, clear ideas of, necessary to be formed, 31* 

Torpedo described, 30fi. 

Torricellian experiment, 203, 2M- 

Transferrer, an instrument used in Pneumatics, 20fL 

Transit of Venus, her passage over the sun's face. 

Trembling-eel noticed, 397. 

Triangle, what meant by, 3- Any two sides of, greater than the third, 32- 

Tropics, circles parallel to the equator. 

Trumpet, speaking, described, 227. WTien first used, 22fi- 

Trumpets for deaf persons, 228- 

Tube, a pipe. 

Twihght, the degree of light experienced between sun setting or rising 

and dark night. 
Undulation, swinging or vibrating. 
Vacuum, a place void of air. 
Valve, a sort of trap-door. 
Valves, what meant by, L&9- 
Vegetables, how blanched, 294- 

Velocity, a term applied to motion. Accelerating, what meant by, Ifi- 
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Venus, the planet, its distance from the sun ; the velocity of its motion ; 

its magnitude, 113. Why an evening and why a morning star. 

115. Transit of, what meant by, ib. 
Vernier, its construction and use, 2^ 
Vertex, the top of anything. 
Vibration, the swinging motion of a pendulum. 
Vis Inertiaj, iL 
Vision, the manner of, 3M. 
Volatile, any light substance that easily evaporates. 
Volcanoes in the moon, 102^ 
Voltaic Batteries, 405. Shock, ib. Circles, 407. 
Voltaism, 40.'S. Experiments, &c., 410. 
Wall, leaning one at Bridgenorth, 22* 

Water, considered incompressible, 1.^4. Pure rain, the standard to 
compare other bodies with, 1 .^9. Weighs the same everywhere, id. 
Always deeper than it appears to be, 178, 281. How raised from 
deep wells, 193. Formed of two gases, Decomposed, 408. 

Water-clocks, 154. 

Water-press, 193. 

Water-spouts, their cause, 390. How dispersed, SiftL 

Weather, rules for judging of, 267. Why very bright before rain, 2I1L 

Wedge, a triangular piece of wood or metal, to cleave stone, &c. Its 

principle explained, b2. Its advantages in cleaving wood, id. 

What instruments referred to, 5^ 
Wedgewood's Thermometer, 259. 
Weight of bodies in vacuo, 22L 
Well, how to find the depth of one, 18* 

Wheel and Axis, described, 4A. For what purposes used, 45^ Its 
power estimated, ib. How increased, ib. Explained on the 
principle of the lever, 47. 

Whirlwinds, 3*12. 

Whispering Gallery, 232, 

White, Mr. James, his invention of a crane, ifi. His patent pulley, 4fi. 

Wind, what it is, 2M. The cause of, ib. Experiment on, 2^ 
Definition of, ib. Its direction denominated, t^. How many 
kinds, and why so named, ib. The cause of its variableness in 
England, 231L How to find its velocity, ib. 

Wind-gun, the magazine, 222, 

Windsor, rope-pump at, liliL 

Winter, why colder than summer, RR. 

Wood, burned to a coal in water, 285. 

Year, its length, how measured, 91L Gregorian, what meant by, 

The beginning of, changed from 25th March to 1st of January, 22, 
Zenith, that point of the heavens which is over one's head. 
Zinc, experiment with, 4112. 

Zodiac, a belt in the heavens, sixteen degrees broad, through which 
the ecliptic runs. Signs of, 67. Dr. Watts's lines on, 6SL 
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